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FOREWORD 

NECAP (NASA's Energy Cost Analysis Program) is a detailed buidling energy 
program. It and a number of other energy calculation programs have been 
developed and used. They differ greatly from load calculations commonly used 
by HVAC engineers for building air conditioning system's design. Load pro
grams consider the peak time heat transfer across surfaces to select equip
ment, whereas with energy programs, yearly building energy consumption is 
determined. 

Early techniques of annual energy calculations were the "degree day" and 
the "bin" methods. These simple methods require· considerable judgement and 
interpretation of the data. The number of building factors which could not be 
handled was great enough that answers were always in question. 

Early hourly energy programs were used to promote a specific type of fuel 
or energy used by HVAC systems. They were often proprietary computer programs 
such as the Westinghouse program (1965), GATE program (Group to Advance Total 
Energy, 1967), and the BEEP program (1969). They used computers to perform 
the multitude of necessary calculations but there were concerns that these 
programs were "slanted" towards a specific sales objective. 

A major change in energy calculations took place with new concepts that 
allowed mass thermal storage to be included in hourly calculations. In 1967, 
a series of papers were written by G. p. Mitalas and D. G. Stephenson, which 
established calculation procedures called response factors for heat transfer 
through "delayed" surfaces. In the summer of 1968, ASHRAE's Task Group on 
Energy Requirement for Heating and Cooling held a meeting in Lake Placid, NY, 
from which the bulletin Proposed Procedure for Determining Heating and 
Cooling Loads for Energy Calculations - 4lgorithms for Building Heat Transfer 
Subroutines 'edited by Metin Lokmenhekim was initiated. Work in refining this 
document continued until an approved version was published by ASHRAE in 1971. 
Validation work on algorithms was performed by Ohio State through 1973. 

Response factor programs which calculated heat transfer through delayed 
surfaces, were used as early as 1967 by GARD Inc. of Niles, Illinois. GARD's 
thermal study program, SHEP, studied temperature responses in shelters. In 
1967, a contract was issued to GARD. Inc. by the Post Office to develop a 
building energy program, sometimes referred to as TACS. The program with 
complete documentation was submitted to the public in August, 1971, at a 
meeting in Washington, DC. Unfortunately, the acceptance of this program was 
poor. A principle complaint was that engineers objected to complicated input 
needed to define the XYZ coordinates of every point on a surface. Although 
these input problems were not as serious as people thought, the program had 
major drawbacks such as: constant temperature in spaces, limited infiltration 
capabilities, limited systems (only specialized post office systems were 
offered), and it was expensive to run. About that time, the Post Office's 
construction program was taken over by the Corps of Engineers and program 
experts were not retained; thus the program's future was never secured. 

NASA started using the Post Office's program in 1971. In 1972, GARD Inc. 
was contracted by NASA to make major modifications to the program that would 
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allow internal temperature variations, simulation of common HVAC systems, and 
various other improvements. The draft version of this work, named NECAP, was 
issued in March 1975, and about 30 copies distributed for public review and 
use. 

Concurrently, the TRANE Co. published their most successful TRACE program 
in 1973. Backed by a well established sales force, simple output, and coming 
in the middle of a major energy crisis, TRACE became the major energy program 
used. However, the program's code was proprie tary, and it simulated only one 
typical day per month. Although it was satisfactory for energy budgets, NASA 
did not accept it, for research oriented projects. 

Tom Kasuda of the National Bureau of Standards, who was the chairman of 
ASHRAE's subcommittee on Heating and Cooling Load Calculations, developed a 
program for building thermal response in the late 1960's. It was published as 
NBSLD in November, 1974. Although NBSLD was only a load program, it was used 
extensively with system programs such as ESAS (Ross Merriweather's program). 

NECAP was officially published in September, 1975, incorporating many of 
the public comments received and having completed verification objectives. 
The program was offered through the NASA data distribution service, COSMIC, at 
the University of Georgia. Although the program was fully usable, NASA did 
not provide operational services, nor versions for computers other than the 
CDC machines. As expected, several firms used the program with changes made 
to personal likes or made necessary by the computers they used. NASA did not 
enter into commercialization of the program. 

NECAP was used by the program CALERDA (published in 1978) which evolved 
into the DOE programs. The system simulation portion of NECAP was also used 
in the development of the system portion of the Corps of Engineer's program, 
BLAST, published in 1979. NECAP was also used in the development of ECUBE 
III, ESP-I and SCOUT, although the extent is unknown because of the 
proprietary codes. 

NECAP was put into use at NASA Langley Research Center as a research 
tool. Some program enhancements were incorporated into NECAP as a result of 
the on-going work at LaRC. NECAP was maintained at LaRC and upgraded to 
incorporate new features as they were developed. Computer Sciences 
Corporation of Hampton, Virginia under contract to LaRC, maintained NECAP and 
provided programming support for many of the projects run at LaRC. NECAP's 
execution time and versat:Uity did improve as a result of enhancements to the 
program and its operating system. 

Some technical limitations and input acceptance were still associated 
with NECAP. In 1980~ a contract was entered with GARD Inc. to remove these 
limitations and provide a new input preprocessor. The culmination of this 
work resulted in NECAP 4.1. The program was installed and tested at LaRCin 
1981. Some additional refinements to the program were incorporated to NECAP 
4.1 and .are included in these manuals. 
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Again, NASA does not intend to commercialize or provide service for the 
program other than inhouse use. Publication is offered so that the technical 
changes made can be available to others. NECAP's new input data will appear 
extremely simple,especially if the Fast Input system is used. It continues to 
use a data input approach preferred by engineers, instead of a language based 
input used by some popular programs. 

There will always be limitations with building energy programs due to the 
long list of unresolved technical problems such as: ground heat transfer 
effects, 'infiltration between zones, program size, execution costs, and 
personal likes' or dislikes. NASA's future efforts will continue to be 
directed at technical problems and inhouse use for designing, energy reduc
tion, budgeting, and to establish a building performance guide. 
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Section 1 

INTRODUCTION 

This manual is one in a" set of NECAP manuals referenced below that 
describes the computer program NECAP - NASA's Energy cost Analysis Program. 
The program is a versatile building design and energy analysis tool which has 
embodied within it, state-of-the-art techniques for performing thermal load 
calculations and energy use predictions. With the program, comparisons of 
building designs and operational alternatives for new or existing buildings 
can be made. 

The major feature of the program is the "response factor" technique used 
for calculating the heat transfer through the building surfaces and accounts 
for the building's mass. The program expands the response factor technique 
into a "space response factor" to account for internal building temperature 
swings; this is extremely important in determining true building loads and 
energy consumption when internal temperatures are allowed to drift. 

The algorithms for the thermal loads portion of NECAP Comes from the 
American Society of Heating, Refrigerating, and Air,..Conditioning Engineers 
(ASHRAE) manual, Procedure for Determining Heating and Cooling Loads for 
Computerized Energy Calculation. The original NECAP was published 1n 1975 and 
was supported by two manuals, . NECAP - NASA's Energy Cost Analysis Program, 
NASA CR-2590 Part I User's Manual and NASA CR-2590 Part II Engineering 
Manual. Since that time, NASA has used NECAP for building heating and cooHng 
design loads and energy analysis. 

This version of NECAP, called NECAP-4.1, contains the following 
modifications and improvements: 

• A NECAP input data processor (NIPP) module was developed which greatly 
simplifies and reduces the user input task. The original fixed format 
data field, suitable for punching data onto computer cards, has been. 
eliminated in favor of a free format data field, suitable for use with 
computer terminals. 

• Provide built in default values for most input data. 

• The Response Factor module was made an integral part of the Thermal 
Load Analysis and Systems Energy Simulation modules. 

• The Variable Temperature module and System and Equipment Simulation 
module were brought together into one module to allow dynamic 
simulation and interaction (feedback) between the space, its 
distribution" system, and the heating and cooling plant equipment. In 
the previous version of NECAP, the hourly space temperatures which 
exceeded limits because of system heating/cooling capacities caused a 
"Loacis-not-met" condition. "Loads-not.-met" were accounted for but not 
the space temperature drift above" or below the allowed temperature 
range. Combining this calculation into the program eliminates the need 
to use the "Loads-not-met" variable. 
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• Modified tqe thermostat and ventilation schedule input. 
• Improved fan on/off code. 
• Modified the weather tape system. 
• Use of system component part load performance curves. 
• Default CFM, chiller size, and boiler size data. 
• Provides an executive s·ummary for energy. 
• Prints out a space temperature frequency chart. 
• Adds more flexibility to print out. 
• Changed the glass shade coefficient. 
• Corrected air infiltration coefficients, fan efficiencies, and floor 

panel heating algorithms. 

The new program is documented in the following manuals: 

TM 83238,· Users Manual - Describes examples and output forms. 

TM 83239, Input Manual - Details the input requirements. 

TM 83240, Engineering Manual - Provides the algorithms for the program. 

TM 83241, Fast Input Manual and Example - Provides simple input proc~dures. 

TM 83242, Engineering Flow Charts - Provides flow charts that suppleme~ts 
the Engineering Manual. , 

CR-165802, Operations Manual - Gives the specific operating instructioll for 
Langley Research Center's computer system 
operation. 

CR-165982, Thermal Response Factor Routine - Describes the hourly' response 
factor routine. 

The program runs on Langley Research Center's large computer system. 
Users should be cautioned that program im.plementation can be time consuming 
and costly. . Although computer run costs are much lower than the original 
response factor programs, they are still a magnitude greater than the simple 
"bin method" type energy calculation. With this in mind, judgl!lentshould be 
exercised to assure that needs are compatible with the investment. 
Operational assistance in running the program cannot be·provided by NASA. 

NASA has limited means to update the material in the program. Comments 
on the program are welcomed, although the government accepts no obHgation 
even ·if the suggestions are used. Send comments to: 

Ronald N. Jensen 
Mail Stop 453 
NASA, Langley Research Center 
Hampton, VA 23665-

NECAP 4.1 program modules are detailed in the referred sections: 

Example building •••••••••••••••••••••••••••• Sect1·on 2 
NECAP Input Processor (NIPP)~ ••••••••••••••••••••••• 3 
Thermal Load Analysis (TLAP) .••••••••••••••••. -. ••••••• 4 
Systems Energy Simulation (SESP) •••••••••••••••••••• 5 
Owning and Operating Cost (ECON) •••••. ~ •••••••••••••• 6 
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Section 2 

EXAMPLE 
2.1. DESCRIPTION 

An example is provided to demonstrate the use of the program. The 
modeled building is NASA Langley Research Center's, Systems Engineering 
Building, B-1209. This is a 53000 sq. ft. office building, providing office 
space for 300 people. A photo of the building is shown in Figure 2.1, the 
floor plan in Figure 2.2, and a section through the building is shown in 
Figure 2.3. The building is a single story structure with masonry walls, a 
built up roof, a variable volume air-conditioning system, an absorption 
chiller, and supplied with central plant steam for heating and to run the 
chiller. 

In learning. to use the program, the user should follow the input pro
cedure as described in the NECAP Input Manual, TM 83239. The data shown in 
this example provides a good modeling technique. Program output and actual 
energy used by this building matches very closely. 

2.2. INPUT DATA PREPARATION 

To prepare the input data for NECAP the user should: 

Step 1 

Obtain a floor plan of the buil4ing under study. Divide the floor 
area into the thermal zones sufficient for energy analysis as shown 
in Figures 2.4, 2.5, and 2.6. In a building of this size and 
geometry, 5 zones will handle a detailed analysis for the building 
(one core zone and four exterior zones). If ceiling return air 
plenums are to be used, the plenum above each thermal zone should be 
identified as a zone. For multistory buildings, a typical floor is 
broken into 2 to 5 zones and an upper, middle, and lower floors are 
described; the repetition factors are used for the other middle 
floors. Whenever possible, zones h~ving identical load character
istics should be lumped into one giant zone Qr described as a basic 
zone only once. This will keep the ZQnes to be calculated to a 
minimum for low computer run cost. Each fan system must have at 
least one or more zones, two or more fan systems can not supply one 
zone. 

Step 2 

Once the zones have been defined, the surfaces that make up the 
envelope of each zone should be described. Figures 2.5 and 2.6 show 
the relationship of surfaces to the zone~ that are to be modeled in 
the example. Label each surface using'a prefix indicating the type 
of surface. We suggest: 

D = delayed heat transfer surface 
Q = quick heat transfer surface 
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'G = window surface 
I = internal heat transfer surface 
U = underground heat transfer surface 
C = common shading surface 

Identify, only once, surfaces that have identical characteristics 
(i.e., area, construction, orientation, tilt, etc.) even though they 
are associated with different zones. An interior partition,ing wall 
or floor between zones needs to be identified only if there will be 
a temperature difference across it. 

Assemble data on the location, and construction, of each shading 
surface, as shown in Figures 2.7, 2.9 and 2.10. 

Step 3 

Obtain data or perform a walk through to observe the characteristics 
of the activity level and number of occupants of each zone, lighting 
levels, lighting schedules, operation of equipment within the space, 
thermostat settings and location, type of lighting fixtures, and 
other internal characteristics which affect thermal loads in the 
building. 

Step 4 

Include characteristics such as the hours of operation and the 
equipment part load characteristics as shown in Figure 2.8~ 

Inspect fan systems to determine the type, method of operation, and 
the source of heating and cooling energy that is provided to each 
system. This step is particularly important when modeling an 
existing building as was done in the example. 

Step 5 

Organize the data into a data file in accordance with procedures 
outlined in the Input Manual and instructions contained on the 
following pages. The total number of cards in an input data deck 
will not be the same for every problem. They will vary with the 
number of spaces and numper of surfaces identified in the building. 
Assemble the NECAP input data cards using standard computer card 
input forms. The input file as printed by the computer is shown in 
Figure 2.11. 

Simpler input procedures that can be used for the same building 
are provided in Appendix E. This describes the same building but as 
a 7 zone model with many defaults used. In the NECAP Fast Input 
Manual a single zone of the same building is modeled. 
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FIGURE 2.1 BUILDING 1209 LaRC 
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-COP'f Mr..C.I4INES VESTI'O\JLE. 

'-- CONFE.RE. NeE 

L" 
40'NT \ OF 

- • • .. • 
MAIN L08B". 

VE.STIBUI...E 

DEL .... YE.O SVRF..,cE NO. I fLOOR PLAN 

FIGURE 2.2 FLOOR PLAN 

'j 
J 

! ., 

.. 
MEC.HAN lC.J>..L 

. PENTHOUSE 

I 
£FNTHOUSE Fl OOB PLAN 

. 0 S· 10' IS' 2.c·~!i· ~. ~S' 40' 



SECTION THROUGH BUILDING 
r p 

FIGURE 2.3 
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ASSUMED 
WEST' 

(AZ=2700) 

AZMUITH=3000 

t ASSUMED NORTH (AZ=OO) 

~~ ZONE 3 .~ 

ZONE 
4 

ZONE 5 

'i\ SEE NOTE I 

ZONE I 

~ ASSUMED SOUTH (AZ=1800) 
FRONT 

ZONE ASSIGNMENT 
FIG.2.4 

ZONE 
2 

ASSUMED 
EAST 

(AZ=900) 

~. 
, '- PO\NT \ Of 

OELAYED SURf~CE NO.' 

NOTE: Ima~inary Internal Surfaces. Although there are no 
internal walls between the selected zones in this 
example, walls are modeled to account for the heat 
transfer be teen the outside and inside zones. This 
allows the outside thermal and solar loads to react 
with the air conditioning system separately from the 
interior zone. A very high heat transmission 
coefficient is assumed between the outside and inside 
zones (U = 50 Btu/sq ft/hr/Fo) so good interabtion 
is obtained. 
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oon fl 

OF 
S\lRfA.CE NO.\ 

UNCONDITIONED 
EQUIPMENT ROOM 

ZIO- PLENUM 

Z6-PLENUM 

ZONE 5 - CENTER 

IS 

NO. I INTERNAL 

D NO.1 

NO.4 

FRONT (ASSUMED SOUTH OF WALL AT 180· AZMUITH) 

FIGURE 2.5 BUILDING ZONING 
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GROUND FLOOR V PLENUM PENTHOUSE 
. ~ 

~ 30
1 I- . 243

1 

~ ~~~~y. 
~O 

TREES~T 3 1 IOOIW X 

~~- -
.ZONES g 4 5 2 ~ 

C\J 

11 I 1 
~~~l,JMED SOUTH 

BLDGJ OR 180Q 

ORIGIN OFl POINT I 
OF DELAYED ....--_____ ..., 

SURfACE NO.1 

.DELAYED 
SURFACES :3 

110" 

2 

I'" 8 / 

9 10 1 

V 6 ~ 

2 OVER EA. PLENUM} 
lOVER E/R NO.9 ROOF----:II 
lOVER C/R AT 1400 SO.FT. 
26 OVER ZONE 10 

6 

7 8 

5 

NO.6 (DOOR) . I f NO. 3 (22 UNITS) 

.INTERNAL 
SURFApES 

"I' 

!'-NO.4 (2.1
1 

X 213
1

) 

~ '- '-No.212UNITSI 
NO.5 (DOOR) 

NO. I AT 21 SO. FT. (22 UNITS) 

, 

/ , 

NOT CONSIDERED 

, :3 / 
)-----1' 
I I 4: 5 ~:2 
I ~ J 
I I 

)-----"'" / I , 

EQUIPMENT ROOM 
COMPUTER ROOM 

ZONE AND SURFACE ASSIGN MENTS 
FIG.2.6 
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AIR SPACE 
WALL SECTION 

RF NO.1 

AIR SPACE 
CINDER BLOCK 

OUTSIDE OF WALL 
WALL SECTION 

RF NO.3 

INSIDE 
OF WALL 

BUILT UP ROOF 
3" INSULATION 

PAN 

ROOF SECTION 
RF NO. 2 

MAKE-UP OF DELAYED SURFACES 
FIG.2.7 

2-9 



0 
<l 
9 
LI.. 
0 
t-
Z 
IJJ 
(.) 
a:: 
IJJ 
Q.. 

100 -

0 

100 -

0 

100 

o 

100 

15 
o 

-

-

-

.... 

~ 

-
. 

f-

~ 

SAM 5PM 
PEOPLE SCHEDULE 

7AM 6PM 
LIGHT SCHEDULE 

SAM 5 PM 
EQUIPMENT SCHEDULE 

I 
8AM !PM 

PEOPLE SCHEDULE (SPECIAL) 

SCHEDULE 
FIG.2.8 
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• VIEW OF BUILDING FRONT 

jl~-----,---------------------~--------~ 5' o NO.5 
-~.---------------- ....----

G NO.5 
(DOOR) 

t 
10' 

~ Wi ~' I 
~--------------~------243'----------------------~.~ 

• METHOD OF MODELING WALLS,LlI-1 

o NO.5 

------------------------
------------------------o NO.1 1768 ACTUAL SQ.FT.+243' WIOE=7.27

1 
EQUIVALENT HEIGHT 

~ SURFACE ORIGIN: 0,0.0 

• METHOD OF MODELING WINDOWS,Ll.3-. 

W NO.1 @21 SQ. FT. - NEEDS 22. UNITS. fOR TOTAL OF 4-62. So.. FT. 
~- 2" BOARDER AND 5" SETBACK (3 SHADING SURFACES ARE 

GENERATED FOR SETBACK OF WINDOW) 

SURFACE ORIGIN: 0,0,0 

• MODELING 0 NO.2,LU-2 o NO.2 IS SIMULAR TO 
D NO. I EXCEPT IT IS 
TURNED 180 0 

ORIGIN 

~---- --

Z:U~~R ASSUMED POSITION OF 0 NO.~ ~~~SITION 
IS NOT IMPORTANT IN CALCULATION (UNLESS COMMON SHM)£' ts usm) 

. . 

MODELING TECHNIQUE 
FIG. 2.9 
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• MODELING' OF EAST WALL.LII-4 

10'--+1 

D 1 
D NO.4 (21 REQD) 

VE RT\ Cl NO. I VERTICIES y=o ASSUMED 
NO. X Y Z 90 0 AZ 

10' -19 I 243 0 0 
2 243 10 0 

6 3 243 6.5 3.0 
4 243 3.5 3.0 
5 243 3.5 9.9 
6 243 6.5 9.9 
7 243 6.5 3.0 
B 243 10 0 
9 243 10 10.0 
1O 243 0 10.0 

VERTICE NO. ,-" . VERTICIES 
DELAYED SURFACE NO.4 

• MODELING OF WEST WALL AND GLASS, LII-3 AND LI3-4~ 

GIVE PROPORTIONAL 
SET BACK SINCE 
REAL 
PROPORTIONS 
ARE LOST. 

5' PLENUM 
~~~~:::::::;""'E-Q-U-IV.-'A-L-E-N-T----'-2-'-3r-W-'-DE-X-2-.l-H-'G-H-t, , 

CLASS NO.4 EQUIVALENT StlE 

3.5 EQUIVALENT 213 WIDE x 7.9 HIGH, 
WALL NO.3 EQUIVALENT SIZE 

11-------.;......;.... 213'-' ------...... .". 

--.IC-____ ~ 
" 100' . .,/ 
~ 200'-----11 ... 

'A SERIES OF WINDOWS SHOUL.D BE MODELED WIT.H AN EQUJVALENT SURFACE $"0 THAT ONLY 
ONE CALCULATION IS MADE (TO KEEP COMPUTER RUN TIME DOWN). SPREAD OVER AREA THAT 
WILL BE AFFECTED BY EXTERNAL SHADOWS. ALSO INCREASE INFILTRATION FACTOR TO 
GIVE EQUIVALENT CRACK x INFILTRATION RATE, SINCE WINDOW CRACK IS BASED ON GIVEN 
PERIMETER. ALTER N AT E 

MODELING TECHNIQUE 
FIG.2.10 
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• IV 
I 
I-' 
LV 

1 
1~2 

3 
4 
5 
6 
7 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Z4 

~2 3 c ~ LOAD CARDS 
Ll- S YS H: MS ENG INE E~. I NG B UI LO ING,LAF< C i~ .( FAC • NAME 
LI-HAMPTON,VA.i 4 FAC.LOCATION 
LIaR.H. JENSE~i ENGR.NAME 
ll-SEB BASE-LONG; PROJ.NO. 
llaOEC 15,1961; DATE 
l2a300,2,C.l,2.0,5~,120,37,76.0,5,O.96,. 5 

0.96; LOCATION CARD 
l3-1,1,lZ,31,O,1~,95,16,76,8,16,5,13,12j STUDY LENGT~ & WEATHER 
L4-S,lI8,l; ~6 DATA PRINT OUT 
C SCHEDULE CARDS 
L5-1-1,4,4,4,4,4,1,1,1; SCH #1 (USED fO~ PEOPLE) & EQuIP 
l5-Z-1,5,5,5:,5,5,1,1,1; 5CH #2 (USED FOR LIGHTS) 
l5-1,4,4,4,4,4,ll,l,l;.7 seH #3 (JSEO FOR SPECIAL PEuPLE) 
L5 a 9*2j ___ a ~ SCH .4 (USED FOR EQUIP) 
l6-8*O,5*O.15'11*O;~9 SPEC. SCH'11 (SPECIAL PEOPLE ON SAT) 
C SHADE CARD 
l7-0,.1,-30,200,O,40,lOO,270,90i EXTERNAL SHADE -TREES ~ 90% TRANS. 
C 10 RESPONSE FACTOR CARD 
L8-8'12j~ STANDARD DELAYEO SURF. USED 
L9-1-0.33,O.742,125,O.220,BRICK 4 IN; lST MATERIAL CARD 
L9-2-~4,O.91,AIR SPACEj 2ND MATERIAL CARD 
L9-3-0.bb7,O.33,36,.2,SlOCK,6INJ 3RO, LETTER 8 FORCES 6TH f!fLO OA 
L9-4-~4,O.658,lNSIOE AIR FILM; 4TH MATERIAL CARD 
LIO-l,2,3,4j OELAYED SURFACE '3 MAKE-UP 

1. cards num~ra1 by COOlputer - not input. 6. Data can be defaulted. 

2. Program Index. The "L" stands for the 
LOAD prog-ram. 'lhe "8" stands for the 
SYS'J.'.ELI.1 program. A "c" can be used to 
provide a COIliiEI1t to assist in data 
input. 

3. "I" is the card index. The "=" tenn
inates the label with data to follav. 

4. Anything which appears after the data 
tenninator (the semicolon) is used as 
C'OIlIl'eIlts. 

5. M)re than one card may be used to 
present data by not using tenninators. 

7. Only 1 0 standard schedules are provided. 
Here, a special schedule is called for 
on Saturday and will be defined in the 
first L6 card. 

a. This schedule gives 9, type 2 schedules 
(or 100% on). 1"00 9* is a short cut 

nethod of duplicating data. 
9. L6 is tl"le special schedule card (called 

by the "11" on card L5). The card 
shows that the first a hours the load 
is set at 0%, etc. 

10. Sllrface types are defined on the La 
card. The type a surface (a brick, air 
SJ:lClce, concrete bloack, insulation, gyp 
board) is defined as surface code #1. 

FIGURE 2.11(a) - EXAMPLE OF INPUT DATA 



25 C 
26 LII-l-O,l,.75,.Z,Z,O,l,l,l,180,90,7.27, 
26 . 243,O,OL!>1.--11 . 13 
27 Lll-2-l,~8,0i16J ~ 
28 Lll-3-0,l, .7'3, •. 2'2~'20,3'.'270,90,7.9, 
28 213,0,213,,1 i '-12 
29 Lll-4-C,1,.75,.2,2,O,4,4,lO,243,O,O,243, 
29 lO,O,243,6,5,3,~43,3.5,3,243,3,5, 

29 9.9,243,6.5,9,9,243,b.,,3,243,10,O, 
29 243,10,10,243,0,10; 
30 Ll1-5-,3,~9,5,243JO,O,10; 
31 Lll-6-5,~8,O,i3; 
3Z lll-7·5,~B,Z7J,~2,2l3j 
33 Lll-B-7, i18, 90, i)3j .... 14 
34 Lll-9-0,2,.75,,1,~5,O,l400j 
35 Lll-lO·O,3,~9,llOCj 
36 C 
37 LlZ-, .Z,;il7,270,90,8.,16j :15 
38 c ~16 ~ 
39 ll3-1-,.8,.5,.5,,2,5,2,l,2,6,14,l,5,l, 
39 180,90,7,3,3,5,0,3,51 
40 Ll3-2-1,a12,90,.3; 
41 l13-3-1,M1Z,O,a3; 

11. ~he second delayed surface, D #3, 
Lll-2, is the same as the first . 
delayed surface except that the 
assumed SOUTH (180)is changed to 
an assumed NORTH (0) orientation 
in field No. 10. Note that . 
the n@6 n is used to indicate 
similar data to that in Lll-l, 
otherwise a semicolon would 
default data to standard values. 
Note that although the second 

surface's point of origin is on 
the opposite corner of the 
building from the first surface, 
the coordinates for the vertex is 
given as 0,0,0. The vertex is 
not important since no shading is 
involved. 

DELAYED SURFACES CARDS 

fRONT WALL-ALL DATA INPUT 
REAR WALL -SIMULAR SURFACE • 0 AZ 

03- LARGER X&Y WILL ALLOW SHADOW 

04-LONG FORM W/WINOOW -NORTH 
OS-DEFAULTS USED. 

DOUBLE SI". SURfACE 
ROOF SECTION 
fIR .. ALL 

QUICK SURFACE CARDS 
DAMPERS IN EIR 

WlhDOW & OaOR(GLASS) CARDS 

ASSUMED SOUTH(FRONT) (22) 
ASSuMED EAST(RT SIDE) (21) 
ASSUMED NORTH(REAR) (22) 

12. D ~t 3 is a shadowed wall. The trees 
that produce the shadow is in
dicated as #1 shade surface. See 
Card L7. 

13. No data between commas indicate a 
defaulted value. 

14. Double referencing in D #8. In 
some cases this does not work. 

15. True size and window set back is 
an easy way to account for window 
·shadow. . 

16. If repetition number is not given 
in order, the program will renumber 
in order. The user is cautioned -to 
reference to the computer set 
numbers. 

FIGURE 2.11(b) ., EXAI~PLE OF INPUT DATA 



N 
I 
I-' 
U1 

~2 L13-4-,.8,.5,.5,.2,1.Z,2,20.,4,20,1,5,1, 
~2 270,90,2.1,213,0,213,3.5,1; ASSUMED ~EST(LFT SIDE) (1) 
~3 L13-5-,1.O,.5,.5,.2,72,O,160.8,5Q,30,2,5,1, 
~3 180,90,10,20; FRONT DOOR 
~~ l13-6-5,~12,O,~3; R~AR DOOR 
~5 C SHADOW PICTURES 
~6 l14-G-5,2,lOJ 
~l C ,,17 
~8 L15-I.320C,.32,1,6/2e~O,.32,2,7; 

50 l15-1·320~,.32,3,8/2800,.3214,9; 
52 l15-1-3900Q,.32,5,lO; 
53 ll~-I·2000,50,1,5/20CO,50,2,5; 
55 ll~-I-2000150,3,5/ZCOO"O,4,5; 
57 l15~1-2000,.3,lO,11/2000,.3110,12; 
59 l15-1-700,.2,11,12; 
60 C .,.18 
61 l15-U-300C,O.1/39COQ,C.02; 
63 C 
64 Ll6-45,45,50,55,60,10,75,80,75,b5,60,50J 
65 C 
66 lI7-1·C,3200,3Z000,bO,72,2~,450,1,2,.7, 
66 3 .0, i), 2, o. It, , , , 1, 2, , , , ,~ 
67 Ll€-1-D-1/G.22*1,~/I-l,67u.lJ'· 19 
11 L11-2-1,2~OO,28000J ~9 
72 l18-2-0-21*4/G-Zl*2/I-Z,7/0-1; 

17. 

18. 

Two surfaces are described on one card 
by using the slash. 

Very low "U" factors are appropriate 
for underground surfaces if well with
in the buildingls border. 

INTERNAL SURFACES 
CEILING' 1 & 2 
CEILING '3 & 4 
CENTER CEILING .5 
IMAGINARY INT. SURF~ (NOTE HIGH U) 
IMAGINARY INT. SURF. 
INTERNAL WALL '10 & 11 
'12 

UNDERGROUND SURFACE 

UNDERGROUND TEMP. 

SPACE CARDS 

ASSUMED SQUTH(FRONT) 

ASSUMED EAST(RT SIDE) 

19. 

20. 

Data is defaulted. 

A crack method is specified here for 
infiltration. Leakage rates must 
be given in appropriate surface cards. 

FIGURE 2.11{c) - .EXAMPLE OF INPUT DATA 



76 l17-3.1j .... 21 
77 l18-3-0·ZIG·ZZ*3,6/I·3,8/U·l; 
81 L17-4-1,~6,3; 
8Zl18-4-0-3/G·4/1-4,9/U-IJ 
86 L17-S-,39000,390000,60,7Z,200,450,1,2, 
86 .7,2.6"2,0.4,,,,1,1,.2,,5CO; 
87 Llb-5-I·5,6,7,8,9/U-ZJ ~ 
89 L17-6.0,3Z00,15000,3,72,~18,lJ 22 
90 L17-7-6,Z800,14000; 
91 l17-S-6J 
92 L17-9-7j 23 
93 LI7-10·b, 39000, 19500(1; , 
94 l17-11-0,1400'14000,4C,72,O~2,4,,1."1',. 
94 5,200.00"2,1,2",,,1; - 24 
95 L17-11-0,1400,140CO,40,72",4,1"2,, 
95 2"5,,,4,1,.4; 
96 llt-6-0-5,Z*9/I-lj 
98 LlS-7-0·a,2*9/I-Z; 

100 l18-8-0-6,'-*9/1-3j 
102 L16-9-D-7,Z*9/I·4; 
104 L18-10-0-Z6*9/I·5,lO,11J 
106 L18-11-0-9,lO/I-IO,lZ/Q-li 
109 Ll€-12-0-9,lO/I-ll,12; 
III C 

21. Terminator here does not default 
data as with surface datai rather, 
data from referenced zone is 
used. 

22. Air change rate. 

ASSUMED NORTHCRfAR) 

ASSUMED WEST(lFT SIDE) 

CENTER ZONECAIRCHANGE METH) 

ASSUMED SOUTH (fRONT) PlEN 
ASSUMED EAST CRT SIDE' PlEN 
ASSUMED NORTH (REAR) PLEK' 
ASSUMED WEST (lfT SIDE) PlEN 
CENTER PLEN 

EQUIP. ROOK 

C.OMPUTEf<. ROOM 

EQUIP ROOM 
COKPUTEit ROOM 

23. It is recommended to set the uncon
ditioned room temperature to that of 
the surrounding spaces. Only when a 
room temperature difference is con
sistently different (i.e., refrigerated 
etc.) should a different temperature ' 
space be used. It may be necessary 
to reset the load values in the space 
card (512) if large heat loads are anti
Cipated from unconditioned surrounding 
spaces. 

24. Calculated load is not included in 
load sunmation. This is important 
so that building load is not in
fluenced by unconditioned space. 

FIGURE 2.11(d) - EXAMPLE OF INPUT DATA 



lIZ 
113 
I11t 
115 
116 
117 
117 
119 
121 
125 
125 
127 
128 
129 
130 
131 
132 
133 
134 
135 
130 
137 
138 
139 
140 
141 
142 
143 

C 
S1-SEB EXAMPLE ; 
S2-1,1,12,31,0; 
53-8,1,8,1,1,];_26 25 
C - ,. 
SIt-l-~2'95'55)'1(2'RC'60)' 

lO(1,77,73.83),7(2,Q5,55)j 
S4-2-24(2,95,55); ~27 

S4-3-24(2,75,72.1'/24(2,75.9,73); 
S4-5-0(2,95,55),1(2,80,66), 

10(1,71,73.),7(2,95,55); 
C 
55-1-7(0),10(1.0),7(0); 
S5-2- 24(0)} 
S5-3-24(1.0); 
56-1-1,2,1,1,1,1,1,2,2} 
S6-2-1,3,3,3,3,3,3,3,3} 
56-3-1,4,4,4,4,4,4,4,4; 
S6-4-0,2,1,1,1,1,1,2,2; 
S6-5-0,8*3; • 29 
56-0-1,2,5,5,5,5,5,2,2; 
C 
S1-1 a l,I,I; 
S7-2-1,1,2,6,1,3,10,1,2} 
57-3-111,6; 
S1-4-1,1,4; 
S7-5-1,1,;; 
S8-1-10,55,90,170,HOT WATEPJ 

25. A ramping thermostat is simulated to 
bring on equipment early if high or lo~ 
night time temperatures occur. 

26. Proportional thermostat. 

27. Dead-Band thermostat. 

SYSTEM CARDS 
HEADER 
RUN ANALYSIS 
PRINT DATA 
SCHEDULES 

WtEKDAY THERMOSTAT OUTSIDE ZONES 
wEEKEND THE~MOSTAT 
SEASONAL OX THRMO ....... 28 . 

WEEKDAY THERMOSTAT CENTER ZONE 
SCHEDULES 

VENT SCHI EQUIP SCH 
WEEKEND VENT 
PROCESS SCH. 
.1 THRMO SCH 'wEEKLY OUTSIDE ZON~S) 

'2, WINTER C/R SCH 
#3, SUMMER C/R 5CH 
.4, VENTILATION t PROCESS 5tH. 

'1 THRMO SCH (WEEKLY CENTER ZONE) 
TIME OF YEAR (SEASONAL) SCHEDuLES 

YR SCH FOR OUTSIDE IONES~30 
YEAR SCH FOR C/R OX 

YEAR StH FOR CENTER lONE 
YEAR 5tH FOR VENT AND PROC 
YEAR StH FOR VENT ANO PROt 

RESET SCH. 

2B. Computer Room Thermo. (Wintet~ Operation) 
Dead-Band with close tolerance. 

29. 56-5 schedule - all days using S5-3 
card. 

30. Schedule #1, beginning 1st of year. 

FIGURE 2.11(e) - EXANPLE OF INPUT DATA 



N 
J 
l-' 
CX) 

1 It It 
11t5 
146 
11t7 
11t8 
149 
150 
151 
152 
152 
153 
154 
154 
155 
155 
156 
156 
157 
157 
158 
158 
159 

C INTERNAL DELAYED SURfACE 
S9-1-.It,O.67,CEIlING ~IR SURFACEI 

O.0625,O.035,30.,O.2"ACOUSTICAL TILE/ 
.4,O.67,INSIO~ AI~ SURFACE J 

SI0-1-1, 2, 3;~ 
SI0-2-1} . 31 
S10-3-3,2,1; 
c 
S11-1-12,5,5,1600,2,2",5.,0,0.5,0,20, 

CEILING OVER SPACE 
CEILING OVER PLENUM 
fLOOR OF PLENUM 
FAN SYSTEM/SPACE CARDS 

55",,1,~8,3t4,1}. ....32 VAV SYSTEM 
SI1-2-5,1, ,lOO"",1",~15,0,0,1,-1; COMP.ROOM OX UNIT 

SI2-1-!~~~g; i~~~~~~~~~;~~g#:g~TZO~~ ( ASSUMED SOUTH); 
SI2-2-1,2,0,4000,0,1000,200,1,0, 

80000,lO,,7'~2,1'2500~RT SIDE ZONE(ASSUMED EA~T); 

SI2-3-1,3,0,4000,0,1000,220,1,0, . 34 
600Ca,lJ,,6,~2,1,3200,REAR ZONE(ASSUMEO NORTH); 

SI2-4-1,4,0,4000,.0,1000,200,1,0, 
fOOOO,10,,9,i2,1,2800,LFTTSIDE IOhE(ASSUMEO WEST); 

SI2-5-1,5,0,38000,550,500,100,3,200000, 
760000.10"lO,i2,l,38000,CfNTER Z: 

S12-6-1,6,1,1,4000,4,3,3200,2,3200,PLENUI1 OVER FRONT ZONEJ 
, , , , 33 

31. Special surface defined to 
simulate heat transfer between 
space and plenum puts 59 cards 
into order of layers found in 
actual surface. 

33. Surface index (SlO card) and 
square foot area are defined 
with each space. 

32. VAV will ventilate using s·chedule 
87-3 

34. Once the program encounters an 
alpha character, the remaining 
fields, up to the last field, 
will default. The alpha ._ 
characters are in the last field 
of this card. 

FIGURE 2.11(f) - EXAMPLE OF INPUT DATA 



160 
161 
162 
163 
164 
165 
166 
166 
166 
166 
167 
168 
168 
168 
168 
168 
166 
169 
170 
171 

SlZ-1-1,7,1,Z,4000,4,3,2800,2,2800,PLENU" OVER RT SIDE ZONEI J 
S12-8-1,8,1,3,4000,1t,3,3200,2,3200,PLENU .. OVER REAR ZONEI 
S12-Q-l,9,1,4.4000,4,3,2800,2,2800,PLENUM OVER LfT Sloe ZONE; . ~35 
S12-10-1,10,1,5,38000,4,3,39000,2,39000,PLENUM OVER CENTER ZONEJ 
S12-11-2,12,O,O,O",Z,15000,48000"COMPUTER ROOMj 
SI4-1,2200,1,1,12,31;3,0,,6*80j 
S15-4,1,110,4,1,12,1,3,10,45,20., 

5 102,65 98,90 82,96 69,101aS,103, 
5 100,65 91,90 86,98 80,101 52,103, 
5 14,10 39,40 65,1Q 100,100 110,125· 

S16-15,10,35J 
S17-48,4,~, 

65,100,101) 
95, 94,105 
lCO, 90,101 
105,86,110 
110,19,115· 

SlS-50,40,30,85} 
S19-10,4,SI LA 37 
S20-12,245",,7J 

CHILLER 
COOLING TOWER 

OX UNIT fOR COMP. ROOM 
PUMP CARD 
HW CIR PUMP fOR SOLAR COll. 
.11 SC. 

35. Uncontrolled zones are not defined. 37. Process loads are defined to simulate 
energy required for pumps used that 
are for auxillary equipment 36. Performance curves for boiler, 

chillers, and OX/UNITS defined on input. 

FIGURE 2.11(g) - EXAMPLE OF INPUT DATA 
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SECTION 3 

NECAP INPUT PROCESSOR PROGRAM 

3.1. OBJECTIVE AND DESCRIPTION 

The NECAP input processor program (NIPP) performs a variety of functions, 
all related to the revised NECAP-4 input data structure. Its basic function 
is to simplify input procedures. It also converts the input data from a free
format form consisting of numbers and special characters, into an all numeric 
fixed-format form ready for processing by the Thermal Load Analysis Program 
(TLAP) and the Systems Energy Simulation Program (SESP). The processor 
program, while it is converting the form, will also add default val~es where 
necessary, reorganize the card numbers, perform data verification, and flag 
errors encountered. 

The program processes one record (card) at a time. It reconstructs the 
record as directed by the index characters, loading in default values for 
variables not explicity defined by the user. If a record is designated as 
being similar to another record, the program will copy into the undefined 
variable positions, their respective values from the original recor.d instead 
of the normal default values. This procedure allows the user to define only 
those variables on a record that he feels are necessary for proper execution. 

As the NIPP program executes, it maintains a record of the types of cards 
used and their number of occurrences. If a particular label is repeated, the 
program will either compute a new label for repeatable cards, or for non

. repeatable ones it will retain the variables from the latest card processed. 
An advantage of this feature is to allow the user to change values on a non
repeatable card by just adding a new card to the end of the deck. 

The second step within the NIPP program, data verification analys"is, 
checks input values for their proper range and compatiblity with other input 
values. Errors are indicated on the verification output. The program may 
terminate prematurely if it encounters a data item which, because it is out of 
bounds, affects analysis of subsequent data. 

The processor performs extensive error diagnosis on the input records. 
It flags two levels of errors - warnings and critical errors. Warnings 
usually designate that the program has made some modification to the data 
record and then continued processing the record. Critical errors on the other 
hand normally terminate record processing while the program moves onto 
following records. Errors should be corrected before TLAP or SESP are 
executed. If critical errors occur a message is printed onto all output 
files. 
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3.2. INPUT DATA 

Th~basic unit of the input structure is the record (card). The record 
is used to define a specific set of input parameters called the variable 
lis t. The. specH ic set to be defined is de linea ted by the record' s label. 
The input method is described in the NECAP Input Manual. 

The two basic components of a record are the label and the variable 
list. They are separated by an equal (=). The variable list is terminated by 
either a semi-colon (;) or a slash (/). An example of an input record is 
shown below. 

Lll-4 = 3, @ 10, 270; 

The record card's label' is used to define three important pieces of 
. information: the appropriate program to be used, the particular set of 
variables to be defined, and the sequence of cards with similar lables. The 
.lable may begin anywhere on a record. However, it must begin with either the 
letter 'L' or the letter '5' which is immediately followed by a number, e.g. 
LI2 is correct, T3 is incorrect. Certain cards that require a 'surface index' 
or 'repetition number' to complete the card label are exceptions. The 
'repetition number', defines the sequence of similarly labeled cards~ If the 
user. decides to exclude this part of the label, the program will automatically 
sequence the cards as encountered. 

The variable list of a card is composed of a set sequence of data items 
separated by a comma (,). The program recognizes a data item by its position 
within the set sequence. Every data item on a card is either explicitly 
defined by placing a number in a data item position or implicitly defined by 
skipping over a variable position. 

Implicit definition is done one of 5 ways: 
. \ 

1. Leaving a blank or a series of blanks between two commas 
2. Immediately following one COmma by a second 
3. Using the 'skip index' to pass over a position or a series of positions 
4. Terminating the record before the position is reached 
5 •. Omitting the card from the deck 

The last method would cause. the entire variable list of the omitted card to 
take ·on default values. Examples are illustrated in Section 2. Default 
va~ues are given in the last column of the Input Manual instructions. 

The program processes the variable list until it encounters a variable 
list terminator. The user can spread the input data list over several cards. 
This feature can also be used to enhance the input deck readability since a 
comment may be added to the record card after the terminator. 

Certain characters can be used to simplify the key-punching of a record. 
Various other characters are necessary to convey the correct information. A 
list of these characters and rules of use are given in Section 4, of the NECAP 
Input Manual. 
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A special record, the comment card, can be used to make the input file 
more readable to the user. The program recognizes comment cards by the char
acter 'e' in the first column of a record. The program will only echo the' 
card. 

3.3. OUTPUT REPORTS FOR NIPP 

The processor program has three, distinct output reports. They are the 
NIPP Diagnostic, TLAP Data Verification, and SESP Data Verification. 

3.3.1. NIPP DIAGNOSTIC OUTPUT REPORT 

NIPP uses the input data for diagnostics. The extent' of the output is 
directed by using the LO and SO cards. Either a LO or a SO card is used 
with ,a normal NECAP run. ,When only TLAP or SESP is run, the appropriate 
LO or SO card is included. There are 6 items which may be requested on 
the LO and SO cards. These are given in Table 3.1. 'The use of all the 
diagnostics will usually generate large amounts of outputs and their use 
should only be for serious errors which cannot be found by other means. 
The LO or SO card must be the first cards in the deck so that all diag
nostics printout requested may be performed. Not using a LO or SO card 
limits printout. 

A summary explaining the processing is shown in Figure 3.1. 
Processing is" reported as a warning so that the user is 'informed of the 
action taken. Warnings are error flags numbered 25 or less. CRITICAL 
errors are flags numbered 26 or greater. Error flags are given in Tables 
3.2 (warning) and 3.3 (critical). 

Unless a critical error has been encountered during decoding, the 
former two, files are ready for processing'~,by TLAP or by SESP, 
respectively. 

, , 
The output report will always contain an echo of the input records, a 

fixed 80 character card image file. This is the TLAP and SESP input 
data. Unless th~. user requests diagnostic output, only critical errors 
are flagged .with a short message printed at the 'end of the card image 
file, and the total number of errors with short descriptions of critical 
ones are printed onto the diagnostic file. Figures 3.2 and 3.3 show a 
print file which contains diagnostic information about the data contained 
in the TLAP and SESP input. 

3.3~2. TLAP DATA VERIFICATION 

The program now checks the input data deck required for the Thermal 
Load Analysis Program. The routine which performs the data verification 
is called DATAV. As each card is read, each data field is interrogated 
for: 

1. correct sequence 
2. proper range 
3. insufficient or extraneous data 
4. misplaced data 
5. proper format 
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As errors are discovered, they are indicated on the output report 
immediately following the listing of the data cards. 

Three types of errors are signaled. They are: WARNINGS, SEVERE ERRORS, . 
and TERMINAL ERRORS. 

WARNINGS are errors which are not likely to cause an unsuccessful run, but 
which may cause incorrect results. WARNINGS a:rise for the following 
conditions: 

1.. ·Data in columns of the card where no data is supposed to be 
2. Number of surface indicators stipulated differs from the 

actual number given 

SEVERE ERRORS result from only one kind of error; when the data is out of 
bounds. Every data item that has an upper and/or lower limit is checked 
to ensure that it obeys the limit. SEVERE ERRORS will definitely cause 
incorrect results, yet they mayor may not cause the Thermal Load Analysis 
Program to terminate. These errors tertd to propagate through the program 
and may cause quite unrealistic results • 

. TERMINAL ERROR will stop the Thermal Load Analysis Program instantly. The 
DATAV subroutine will terminate itself prematurely if it encounters a data 
item which, because it is out of bounds or is an error of the terminal 
type, affects analysis of subsequent data. Any data item which is used as 
a looping factor is subject to this kind of constraint. Terminal errors 
are caused by: 

1. An alpha character in a number field 
2. A special character in a number field 
3. More than one decimal point in a number field 
4. Trailing or embedded blanks in a number field 
5. Unknown punches 

Error messages, if any, are listed after each card image on the output 
page. Each message is identified by type, reason for error, and where on the 
card the error occurs. At the end of the run, whether or not the DATAV was 
able to fully scan the entire input deck, there is provided a summary listing 
of the three typs of errors that may occur. If the entire deck is scanned and 
there are no errors detected, the program omits the summary and prints a 
message that the data is error-free. The last page of output summarizes 
required array sizes for the particular configuration being run. Appendix A 
can be consulted for interpretation of these parameters. Examples of the type 
of output reports received from the DATAV are illustrated in figure 3.2. 

3.3.3. SESP DATA VERIFICATION 

After SESP data goes through diagnostics, the NIPP program will perform 
data verification analysis. The SESP card image output is rewound and then 
input quantities are checked for proper range and continuity with other input 
values. An example is included in Figure·3~3. 
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The routine which performs the SESP data verification is called SYSCHK.. 
As each card is read, each data field is checked for: 

1. correct sequence 
2. proper range 
3. misplaced data 
4. proper format 

As errors are discovered, they are indicated beside the value which is in 
error. If' insufficient or extraneous data is encountered, the program may 
abort because of 'illegal data within a field. SYSCHK makes no distinction as 
to the severity of errors, and if 10 or more errors are encountered the 
program will abort after all cards have been checked. 

If no errors are encountered a message is written to the diagnostic file 
stating this and data echo is suppressed. If any errors are detected, data 
echo will be written flagging the item that is in error. If errors are 
detected, they should be corrected before running SESP. 
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Data has been abbreviated 
for this example. 
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-.l.~ 0 
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EXAMPLE OF OUTPUT FROM NIPP PROGRAM 
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Data has been abbreviated 
for this example.-
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so NECAP DIAGNOSTICS, CARDS 

~ 

Field 
No. Variable Description and Comments Limits Default 

1 Amount of diagnostic information to be printed at the end of the 
INPUT check o to 2 2 

0 = No echo 
1 = Print syntax error at end of INPUT process 
2 = Print syntax error out when card is processed 

Print bugs for variable temperature routines in SESP to: 0 = off 1 = on 
2 SPACE RESPONSE FACTOR CALCULATIONS 0 or 1 0 
3, Summary of Internal H.T.S calcualtions 0 or 1 0 
4 Detailed INTERNAL SPACE TEMPERATURECALCUALTIONS 0 or 1 0 
5 Summary print of SPACE RESPONSE FACTORS 0 or 1 0 

) 

6 Print listing of default program values O,1,2,or 6 0 
0 = None 
1 = Short 
2 = Extended 
6 = Print entire common block 

RECAP DIAGNOSTICS CARDS 

TABLE 3.1 



Table 3.2 

SUMMARY OF WARNING CONDITION CODES 

WARNING WARNING 
NO. DESCRIPTION 

1 Label has too many character~ 

2 Multiple non-repeatable cards. 

3 Repetition number is not unique. 

4 More variables on a list than 
allowed. 

5 Repetition number and surface 
index not in order. 

6 Comment card in data deck. 

7 Card added to end of data deck. 

25 Second thermostat card. 
(Because of the large number of 
variables needed to describe a . 
thermostat schedule, the program 
uses two cards in order to save 
storage. This warning highlights 
the second card). 
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ACTION 
TAKEN 

Label is truncated. 

Last processed card ;s kept. 
Others are dropped. 

The repetition number is 
corrected to the lowest 
unique value. 

Variable list is truncated 
to maximum allowed. 

The repetition number ;s 
corrected to the lowest 
unique value. 

Card is ignored. 

Card is considered a default 
card. 

Card is processed as part of 
the thermostat description. 



Table 3.3 

SUMMARY OF CRITICAL ERROR CONDITION CODES 

ERROR 
NO. CRITICAL ERROR DESCRIPTION ACTION tAKEN 

26 First character encountered on a Card ;s i.gnored. 
card is not an 'L', 'S I, or 'C'. 

27 Blank card in data deck. Card ;s ignored. 

28 Unrecognizable character embedded Card ;s ; gnored. 
in card. 

29 Too many title cards. Card is ignored. 

31 Card index is too large. Program execution 
is terminated. 

32 Unknown surface index. Card is ignored. 

33 Invalid surface index. Card is ignored. 
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SECTION 4 
THERMAL LOAD ANALYSIS PROGRAM 

4.1 OBJECTIVE AND DESCRIPTION 

The Thermal Load Analysis Program, a complex of heat transfer, 
psychrometric, and geometric subroutines, computes the sensible and 
latent loads for each space as well as the block sensible and latent 
loads for the building, by accounting for: 

1. Transmission gains and losses through walls, roofs, 
floors and windows 

2. Solar gains through windows 

3. Internal gains from people, lights and building equip
ment 

4. Infiltration gains and losses due to wind and thermal 
pressure differences across openings 

5. Ventilation air gains and losses due to fresh air re
quirements 

6. Shading effects created by the structure itself (fins, 
overhangs, setbacks, etc.) as well as those from 
adjacent buildings or structures 

Using these capabilities, the Thermal Load Analysis Program can perform 
two types of analyses: 

. 1. Design load analysis - Utilizing user-defined design 
weather data via the L3 card (see NECAP Input Manual), 
a 24-hour design day analysis is done for each month to 
determine peak heating and cooling requirements for 
each space, and for the instantaneous summation of the 
entire building. No provision is made for carrying 
this process on through the Systems Energy Simulation 
Program. 

2. Hourly energy analysis Utilizing actual hourly 
weather data, hourly heating and cooling requirements 
for. each space are calculated for an entire year of 
building operation, and results stored on computer file 
for use by other programs. 

The input to the Thermal Load Analysis Program. reflects building 
architecture, building construction", building surroundings, local 
weather, and pertinent location of the sun. The output consists of 
hourly weather and psychrometric data and hourly sensible loads, latent 
loads, return air lighting loads, and equipment and lighting power 
consumption for each building space. All calculations are performed in 
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accordance with algorithms set forth by ASHRAE in their publication 
"Procedures .for Determining Heating and Cooling Loads for Computerized 
Energy Calculations" (Reference 1). The program flow chart is shown in 
Figure 4.1. 

'The calculations in the Thermal Load Analysis Program are performed 
for constant temperature spaces. After the Thermal Load Analysis 
Program results are obtained, they are combined with the Systems Energy 
Simulation Program, which uses thermostat schedules and generates energy 
consumptions for various systems. As a result, the system's energy 
requirements can be made without having to run the Thermal Load Analysis 
Program for each variable to be studied. 

4.2 INPUT DATA 

Before the input data can be prepared, the user must grasp the 
meaning of certain definitions, and toward that end he is encouraged to 
read the following carefully. 

4.2.1 Building Coordinate System 

In order to properly communicate to the computer the special 
relationship between shading surfaces and surfaces which are being 
shaded, a coordinate system can be attached to the building and used to 
describe the location of surfaces. Figure 4.2 shows the recommended 
coordinate system. In this coordinate system, the front of the building. 
lies in the xz plane. The origin, as viewed by a person outside the 
building, lies at the lower left hand corner of the building front. The 
z-axis points straight upward. For non-rectangular surfaces, i.e., 
surfaces having more than 4 corners, the order in which the corners are 
described should follow a righthanded order about the outward normal, as 
shown in Figure 4.3. Counterclockwise order adds area, while clockwise 
subtracts ares. 

4.2.2 Building Azimuth Angle 

Building azimuth angle expresses the orientation of the building 
coordinate system relative to the points of the compass. It is defined 
as the angle clockwise from true north to the assumed north or Y-axis, 
as shown in Figure 4.4. For example, a building with a NW frontal 
exposure would use a building azimuth angle of 135°. 

4.2.3 Surface Description 

The user is given two methods for numerically describing a 
surface to the computer. The first can be used to describe any shape of 
surface using point coordinates. The second is a simplified method 
which can be used for rectangular surfaces only. Method 1 (long form) 
requires that the x, y, z coordinates for all surface vertices be 
defined. From this data, the computer internally generates the 
additional information it requires, i.e., surface area and orientation 
(tilt angle and azimuth angle). Some users may feel that this method is 
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tedious, and may desire to use Method 2 (short form) when the surfaces 
are rectangular in shape. Method 2 requires entering only the following 
data: 

1. x, y, z coordinates of the lower left hand corner 
2. height 
3. width 
4. tilt angle 
5. azimuth angle 

Using this data, the computer generates the remaining sets of x, y, z 
coordinates and the surface area. If the surface being described with 
Method 2 never experiences any shading, the user needs only to enter 
data for items 2 through 5. The program will "automatically, by default, 
locate the surface at the origin with the specified azimuth and tilt 
angles. 

Since most buildings are made up of rectangular surfaces, it is 
expected-that the user would make most use of Method 2. Method 1 would 
be reserved for non-rectangular surfaces, or surfaces that have special 
shading problems. 

4.2.4 Surface Tilt Angle 

Surface tilt angle is defined as the angle between a horizontal 
plane and the surface in consideration. The value of tilt angle changes 
between 0° and 180°. A verticle surface would use a tilt angle of 900 

as shown in Figure 4.5. 

4.2.5 Surface Azimuth Angle 

Surface azimuth angle is the angle of the surface in consid
eration with respect to the building. It is defined as the clockwise 
angle from the assumed Y-axis of" the building, to the horizontal 
projection of the surface outward normal, as viewed from above. A 
surface on the front of the building would use a surface azimuth of 1800 

as shown in Figure 4.6 and Table 4.2. For horizontal surfaces, rotate 
the surface up into a vertical position along any of its sides, and 
perform a data takeoff the same as for a vertical surface, except that 
the tilt angle is 0.0." 

4.2.6 Choice of the First Vertex of a Heat Transfer Surface 

The following is of the utmost importance: 

If a polygon boundary is- concave, i. e., if it has a 
"dent" in it, always choose the first vertex so that 
the first three vertices are convex (see Figure 4. 7). 
This means that, if you walk from vertex 1 to vertex 2 
on the outside of the surface, you must make a left 
turn to get to vertex 3. This convention is necessary 
because it affects coordinate'- transformations inside 
the program. This conve~tion applies to delayed, quick 
and window surfaces. 
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4.2.7 Types of Heat Transfer Surfaces 

Spaces are surrounded by heat transfer surfaces which can be of 
several types. 

1. Delayed Heat Transfer Surfaces 

Thick exterior aboveground surfaces (walls or roofs) 
that impede the flow of heat, experience hourly change 
,in temperature, and therefore have a heat storage 
effect. The ASHRAE Response Factor Method is used to 
calculate this transient heat flow each hour. 

2. Quick Heat Transfer Surfaces 

Thin exterior aboveground surfaces that experience 
hourly change in temperature but have little or no heat 
storage effect (e.g. metal doors). A steady state 
method is used for calculations. 

3. Windows 

Clear or translucent surfaces which transfer heat 
through conduction as well as through transmission of 
solar rays. 

4. Internal Heat Transfer Surfaces 

Interior walls or floors across which there is a 
temperature difference but experiences slight change in 
temperature, and is treated as a steady state heat 
transfer surface (e.g. partitioning walls). 

5. Underground Surfaces 

Slabs on-grade, or surfaces below-grade exposed to 
soil. It experiences slight change in temperature, and 
is treated as a steady state heat transfer surface, 
using the given monthly ground temperature. 

All of these surfaces can transfer sensible energy in or out of 
the space. Stored energy appears in the space sometime after it enters 
the outside layer of a delayed surface. 

4.2.8 Surfaces with Windows 

Often a hole or cutout lies in the middle of a surface. If the 
surface input is only described by the outside points, the hole could be 
cQunted twice; once as a glazed surface and once as a part of a heat 
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transfer surface. This error should be avoided by one of the following 
methods: 

1. Use a cut to convert the surface into a doughnut-shaped 
polygon, of ten vertices, which surrounds but does not 
enclose the hole (Figures 4.8 and 4.9) 

2. Divide the surface into several smaller surfaces, none 
of which enclose the hole (Figure 4.10) 

4.2.9 Shading Surfaces 

All heat transfer surfaces must specifically state which shading 
surfaces they are to use. For example, suppose that at the end of the 
input form for delayed surface 111, there appears the list "2, 5, and 
6;". The computer program would recognize that common shading surfaces 
2, 5, and 6 are to be used for delayed surface #1. 

Solar shading of windows is provided by setback of the glass into a 
wall, or by shade fins around the window. Generally this would require 
the user to define 3 added shading surfaces for each window. NECAP will 
automatically generate these 3 added shading surfaces, simply specifying 
the setback and border distances for each window. This is explained in 
the NECAP Input Manual in the input instructions for L13 card (Field 6 
and 7). 

4.2.10 HOURLY WEATHER INPUT DATA 

Hourly thermal load calculations procedures require the 
following weather data for each hour: 

1. Month 
2. Day 
3. Hour 
4. Dry-bulb temperature 
5. Wet-bulb termperature 
6. Dew point termperature 
7. Atmospheric pressure 
8. Wind speed 
9. Wind direction 
10. Cloud type 
11. Cloud amount 

A NECAP formatted weather tape containing 63 weather stations for 
the U. S. mainla"nd is available with the NECAP program. 

The hourly data may also be obtained from the National 
Oceanographic and Atmospheric Administration (NOAA), using the 1440 
format, or test reference year format. These may be obtained in the 
form of either punched cards or magnetic tape, from the National 
Climatic Center in Asheville, N.C. .These will have to be processed 
through the NECAP Input Processor Program (NIPP) to be converted to the 
NECAP format. 

The format of the NOAA weather data, and other detailed 
information, is given in Appendix F. The format of the NECAP weather 
tape is given in Appendix D. 
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4.2.11 BUILDING SIZE LIMITATIONS 

The Thermal Load Analysis Program is not limited in the size of 
building that it can analyze. There is, however, a limitation due to 
the number of values that have been assigned to the dimension statements 
'(not the measure of distance) within the program. The maximum numbers 
are set in the program, and are given in the NECAP Input Manual. 

If anyone of these limits are exceeded for the building under 
study, the program or the input model must be modified. The engineer 
can consult Appendix A and prepare the required new dimension statements 
to be inserted into the program's software. Using a set of dimension 
cards, with the smallest possible values, can reduce the core 
requirement of a small project considerably. 

4.3 OUTPUT REPORTS 

The Thermal Load Analysis Program prints several types of 
reports. Some of these reports are received with each execut~on of the 
program, others only if specified. The purpose of these reports is to 
give the user a summary of the final results, as well as an optional 
summary of calculations performed at various stages prior to the final 
results. 

Eleven types of reports can be created .by the Thermal Load 
Analysis Program. They are: 

1. Report L1 Echo of Input Data 

2. Report L2 - Title Page - Design Load Analysis 

3. Report L3 - Summary of Design Day Weatner 

4. Report L4 - Space Design Load Summary 

5. Report L5 --Building Design Load Summary 

6. Report L6 - Title Page - Hourly Energy Analysis 

7. Report L7 - Space and Systems Load Summary 

'8. Report L8 - Hourly Printout Report Column Headings 

9. Report L9 - Hourly Printout Data 

10. Report L10 - Surface Shadow Pictures and Shadow Calculations 

11. Report L11 - Summary of Recommended Space Heat Extraction 
and Addition Rates 
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For the design load analysis segment, Reports Ll, L2, L3, L4, and 
LS are outputs that will always be received. Reports L8, L9, and LI0 
are optional 'Jutputs. For the hourly energy analysis segment, Reports 
Ll, L4, LS, L6, L7, and Lll are mandatory outputs; Reports L8, L9, and 
LI0 are optional outputs. 

4.3.1 REPORT Ll - ECHO OF INPUT DATA 

To give the user a hard copy record of the input data, the first 
report coming out will always be a summary of input data read. An 
example of the first page of this report is shown in Figure 4.13. 

4.3.2 REPORT L2 - TITLE PAGE - DESIGN LOAD ANALYSIS 

Whenever a design load analysis is performed, Report L2 is 
printed to identify the type of output to follow. Printed as part of 
this report are the facility name, location, user's name, project number 
and date (Figure 4.14). 

4.3.3 REPORT L3 - SUMMARY OF DESIGN DAY WEATHER 

As indicated by Figure 4.1S, Report L3 summarizes the monthly 
design day weather that was generated by the program using the provided 
input data. Extrapolation of this data to other months is done using 
Carrier temperature correction factors (Reference 2). Use of these 
correction factors may yield a WBT equal to or greater than the 
corresponding DBT. Therefore, a fix was placed in the program to set 
the WBT to at least 30 F lower than the DBT. Design load calculations 
are performed for each space for every hour of a design day for 9 months 
of cooling, and 1 month of heating. 

4.3.4 REPORT L4 - SPACE DESIGN LOAD SUMMARY 

At the end of the design load analysis, a summary (see Figure 
4.16) detailing the components of the peak heating and cooling load is 
printed for each building space. An explanation of each item follows: 

1. Space No. - defined by order of input. 

2. Space Repetition Factor - defined on input L17 • 

. 3. Area - defined on input L17. 

4. Volume - defined on input L17. 

S. Summer Cooling Peak - time of occurance of peak cooling 
load (sensible and latent) and corresponding ambient 
DBT and WBT. Peak load will always occur during the 
Sth day of the month, since the design day weather for 
each month is repeatea five days to filter out 
initializing effects. 
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6. Winter Heating Peak - comments in item 5 also apply 
here except peak load is based upon low sensible load 
only. 

4.3.5 REPORT L5 - BUILDING DESIGN LOAD SUMMARY 

Report L5 (see Figure 4.17) is similar to Report L4 except 
results are for the time when the sum of the zones or building load has 
peaked. Additional items include: 

1. Return Air - summation of plenum and non-space lighting 
loads. 

2. Fan Heat - heat produced by supply and return fans. 

3. Ventilation Air - heating or cooling energy for outside air 
taken through the air handler. 

4. Supply Air - total building air delivery rates required 
for both constant volume and variable volume distribution 
systems (Variable volume air will usually be less because 
air flow is based on peak building loads, not peak loads 
of each space. This is sometimes referred to as the 
diversity factor). 

4.3.6 REPORT L6 - TITLE PAGE - HOURLY ENERGY ANALYSIS 

Report L6 (see Figure 4.18) is similar to Report L2 except. that 
it is produced only for an hourly energy analysis. It includes weather 
tape data and initialization of weather factors. 

4.3.7 REPORT L7 - SPACE AND SYSTEMS LOAD SUMMARY 

At the end of the hourly load analysis, a summary is printed for 
each building space, detailing the components of the peak heating and 
cooling load (see Figure 4.19). This report is identical to reports L4 
and L5, except that the peak cooling and heating is based upon the 
hourly weather data used in the analysis. 

4.3.8 REPORT L8 - HOURLY PRINTOUT REPORT COLUMN HEADINGS 

Reports L8 and L9 are companion reports. Report L8 (see Figure 
4.20) indicate·s the hourly weather and space load data that is 
calculated by the program, and written each hour by the Thermal Load 
Analysis Program on an output file. This report also is an aid in 
interpreting the data that is printed as part of Report L9. 

4.3.9 REPORT L9 - HOURLY PRINTOUT DATA 

Report L9 (see Figure 4.21) is an optional output and summarizes 
weather data and calculated space loads for each hour of the analysis. 
The user is cautioned that, if requested, this report could require 
several hundred pages of output, depending upon the length of the study 
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and the number of spaces in the building. Periods for which this report 
is required is set by use of input L4. 

4.3.10 REPORT LI0 - SURFACE SHADOW PICTURES AND SHADOW CALCULATIONS 

At the user's option, shadow pictures similar to that shown in 
Figure 4.22 can be printed by the computer. The starred area indicates 
that portion of the surface which is shaded by added or common sur
faces. The shadow picture will always be for the first day of the month 
desired, since the program computes the sun's location only during the 
first day of each month. All other days in the month are given the same 
shadow picture as that received for any hour of that first day. 

4.3.11 REPORT L11 - SUMMARY OF RECOMMENDED SPACE HEAT EXTRACTION AND 
ADDITION RATES 

The Systems Energy Simulation Program (Section 5) requires as 
input to it, the maximum heating and cooling capacities provided to each 
space. Report L11 (Figure 4.23) lists the recommended capacities based 
upon hourly energy analysis results. The heating and cooling extraction 
rates will be used by SESP, unless the user inputs these values. These 
quantities are taken directly from the total space cooling, and total 
space heating of Report L7 for each undivided space. This value may be 
too low for spaces that need fast temperature pick up or cool down when 
the equipment is started. It could also be too high if an unusually hot 
or cold day is used for the peak energy needs, or if some temperature 
excursions are to be allowed. 
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+ 
Figure 4.8 CORRECT USE OF A CUT TO REPRESENT SURFACE WITH A HOLE 

+ 
Figure 4.9 INCORRECT REPRESENTATION OF SURFACE WITH HOLE 
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+ 
Figure 4.10 CORRECT USE OF MULTIPLE POLYGONS TO REPRESENT A 
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Fi gure 4.11 k*R. VS TRANSMISSION AT NORMAL I.NCIDENCE FOR 
SINGLE SHEET GLASS 

CODE 

1 

2 

3 
4 

5 
6 

7 

8 

Table 4.1 

CODE FOR THICKNESS TIMES 
EXTINCTION COEFFICIENT 

MEANING 

1/8" sheet 

k*l = 0.10 

k*£ = 0.15 

k-lf 1 = 0.20 

k* .e = 0.40 

k* £ = 0.60 

5Cf1/o transparent H.A. plate 

k*l = 1.00 
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Table 4.2 

AZIt~UTH ANGLES OF VERTICAL SURFACES 

WALL ORIENTATION AZIMUTH ANGLE (0) 

Facing direction of 0 
V-axis 

Facing direction of 90 
X-ax; s 

Facing opposite the 180 
V-axis 

Facing opposite the 270 
X-axi s 

TABLE 4.3 

USUAL CLASSIFICATION OF SHADING SURFACES 

Type of Surface Classification 

Roof overhand Common 

Adjacent Building Common 

Window setback Added 

Window overhang Added 

Tree or water tower COlTlllon 
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TABLE 4.4 

INFILTRATION THROUGH WINDOWS, DOORS AND WALLS 

Flow Coefficients - CINF 

Suggested values to be used with NECAP Crack Method: 

Delayed Surfaces 

NECAP uses. area of the del ayed surface and sets N in 
the program @ 0.8. 

1. 13" brick with plastered surface (0.01 
2. 13" brick, furring, lath & plaster 
3. Frame wall, lath, & plaster 
4. 4" brick-6" concrete block-painted 
5. 8" cement block-painted both sides 
6. 8" brick - plain-poor workmanship 

cfh/sq. ft. ) 
(0.09) 
(0.05) 
(0.11) 
(0.32) 

7. 16" shingles on shiplap w/building paper 
(3.2) 
(0.71) 
(5.3) 
(23.0) 

8. 16" shingles on shiplap 
9. 16" shingles on lx4 boards on 5" CT. 

Quick Surfaces 

NECAP uses perimeter of surface and sets N in 
the program @ 0.5. 

l. 1/8" crack (6.5cfm/ft) 
1/4" crack (13.1) 
1/2" crack (26.2) 

2. Door - Residential (3x7) type 
closed w/WS (20cfm/unit) 
average use without WS ( 100) 
average use with WS ( 80) 

3. Door - Office (3.5x7) type 
closed (25) 
open 10% of time (50) 
open 25% of time (450) 
open 50% of time (1250) 
open 10% of time and vestibule (35) 

4. Door - Revolving type 
average use (100) 

5. Garage or Shipping Room Door 
No use ( 120) 
Average use ( 480) 
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CINF 
0.004 
0.025 
0.016 
0.034 
0.095 
0.949 
0.211 
1.582 
1.856 

CINF 
40.0 
80.0 

120.0 

6.1 
30.5 
24.4 

7.3 
14.6 
90.2 

362.8 
10.2 

30.5 

12.2 
27.4 



TABLE 4.4 (Continued) 

Window Surfaces 

NECAP uses perimeter of surface and sets N 
in the program @ 0.66. 

1. Casement Windows and Frame 

2. 

Assume 25% openab1e area and crack length 
equals 60% of perimeter 

Architectural Projected 1/64" crack 
Architectural Projected 1/32" crack 
Residential casement 1/64" crack 

( .11 cfm/ft crack) 
( .45) 
( .20) 

Double-Hung (crack length equals 
Wood 
Average with WS 
Average without WS 
Poor fitted without WS 

125% of perimeter) 

(~14cfm/ft crack) 
(.24) 

Metal 
Average wi th WS 
Average without WS 

(.75) 

(.22) 
(.55) 

3. Glass Door (3.5x7) Average Use (7.4) 

CINF 

1.2 
4.9 
2.2 

1.5 
2.6 
8.2 

2.4 
5.9 

80.4 

Values in () are infiltration values at 7~ mph wind normal to surface -
see first in series for dimensions. 

WS = weather stripped 

Suggested References: 

1972 ASHRAE Handbook of Fundamentals, Chapter 19 
Carrier - Load Estimating Guide 

CINF = infiltration in cfm DP = pressure difference A = area or ( DP)**N*A equivalent 
length 
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NOTES AND COMMENTS 
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SECTION 5 

SYSTEMS ENERGY SIMULATION PROGRAM 

5.1 OBJECTIVE AND DESCRIPTION 

The hourly space loads calculated by the Thermal Load Analysis 
'Program are not necessarily the loads that are seen by the heating and 
cooling plant. Due to ventilation air requirements, equipment operating 
schedules, certain process loads, and inefficiencies caused by control 
schedules, the building's hourly heating and/or cooling requirement will 
be different from the summation of the hourly space transmission and 
internal loads. Therefore, the purpose of the Systems Energy Simulation 
Program is three-fold (see Figure 5.1). 

1. Based upon building requirements, size boilers and 
chillers, size other energy-consuming equipment (i.e., 
pumps, fans, cooling tower)if not set by the user. Size 
engine/generator sets and zone supply air flows if not 
sized by the user. 

2. Simulate each distribution system as it responds to. the 
space thermal requirement and. determine the load it is 
placing upon the central plant, packaged DX unit,' or 
unitary heat pump. 

3. Based upon part-load operating characteristics of all 
energy-consuming equipment, determine the building's 
hourly and monthly energy consumption, and the energy 
demand. 

The thirteen (13) types of distribution systems that the 
program is capable of simulating' are listed in Table 5.1. 
Schematic diagrams along with brief explanations of operation are 
illustrated in figures 5.2 through 5.14. The types of equipment 
that are available are described in paragraph 5.2.2. 

TABLE 5.1 - ENERGY DISTRIBUTION SYSTEMS SIMULATED 

SYSTEM 
, NUMBER SYMBOL 

1 SZFB 
2 MZS 
3 DDS 
4 SZRH 
5 UVT 
6 UHT 
7 FPH 
8 2PFC 
9 4PFC 

10 2PIU 
11 4PIU 
12 VAVS 
13 RHFS 

DESCRIPTION 

Single Zone Fan System with Face and By-pass Dampers 
Multi-Zone Fan System 
Dual Duct Fan System 
Single Zone Fan system with Sub-Zone Reheat 
Unit Ventilator 
Unit Heater 
Floor Panel Heating 

-Two-Pipe Fancoil System 
Four-pipe Fancoil System 
Two-pipe Induction Unit Fan System 
Four-pipe Induction Unit Fan System 
Variable Volume Fan System with Optional Reheat 
Constant Volumne Reheat Fan System 
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Source: 
Load or 
Variable 
Temperature 
Programs. 

Read Tape 
Header Data 

Read Card 
Input Data 

Calculate 
Equipment 

Sizes 

Perform 
Hourly 

System and 
Equipment 

Simulation 

Print 
Summaries 

End 

Optional 
Printouts 

Figure 5.1 - SYSTEMS ENERGY SIMULATION PROGRAM 
MACRO FLOW DIAGRAM 
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5.2 DESCRIPTION OF SYSTEMS 

5.2.1 DESCRIPTION OF ENERGY DISTRIBUTION SYSTEMS 

DISTRIBUTION SYSTEM NO. 1 
SINGLE ZONE FAN SYSTEM WITH FACE AND BY-PASS DAMPERS (See Figure 5.2) 

This fan system consists basically of a draw-thru air handler 
having heating and cooling coils in series with a by-pass section around 
the cooling coils in the air handler. Humidification is provided at the 
unit. The'dry-bulb temperature of air leaving the unit is controlled by 
a thermostat in the first space served by this fan system. The system 
is designed primarily to serve one zone. If it is used to condition 
several zones, the first zone controls air handler discharge temper
ature, and other zones' air may be reheated as required. Baseboard 
heating may also be included as a supplemental heat source. 

DISTRIBUTION SYSTEM NO. 2 
MULTI-ZONE FAN SYSTEM (See Figure 5.3) 

The components of the multi-zone fan system include a mixed air 
section, preheat coil, blow-thru fan section, heating and cooling coils 
in parallel, and a humidifier. Hot and cold air streams are mixed as 
required at the unit, The specific functioning and options of this fan 
system are: 

o Optional return air fan simulation 
o Humidifier 
o Three outside air/return air options with the economizer 

attempting to equal the required cold deck temperature 
o Baseboard heating as supplement heat to each zone 
o Preheat coil - this will function to raise the mixed air 

dry-bulb temperature to a preset minimum -of 40°F 
o Temperature control options are: 

1) Fixed settings for both hot and cold decks. 
2) Fixed cold deck temperature but allows hot deck 

temperature to vary inversely with outside air 
temperature. 

3) Reset temperature control as governed by spaces. 
Control for this mode consists of resetting the hot 
deck leaving air temperature equal to that of air 
supplied to the space requiring the warmest air. 
The cold deck leaving air temperature is set equal 
to the temperature of air supplied to the space 
requiring the coolest air. 

DISTRIBUTION SYSTEM NO. 3 
DUAL DUCT FAN SYSTEM (See Figure 5.4) 

The components, operating charact~ristics, and options of the 
dual duct system are similar to those of the multi-zone system 
described above. The difference between the two systems is that 
hot and cold air mixing takes place in a mixing box usually 
'located near the zone it serves, and. is not part of the air 
handling unit. 
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DISTRIBUTION SYSTEM NO. 4 
SINGLE ZONE FAN SYSTEM WITH SUB-ZONE REHEAT (See figure 5.5) 

This fan system is designed to serve a large central zone 
requiring cooling the entire year, and sub-zones which may require 
reheating. Primary air temperature is controlled by the 
requirement . of the central zone. During the winter and 

'intermediate seasons, the primary air is colder than that required 
for the sub-zones. Sub-zone all air' induction boxes therefore 
open to mix return air with primary air. The induction boxes are 
designed such that up to 50% inducted air can be mixed with 
primary air. If further heating of primary air is required, the 
reheat coil is activated. 

Elements and operating characteristics of this fan system 
include: 

o· Optional return air fan simulation' 
o Humidifier 
o Three outside air/return air options with the economizer 

attempting to equal required cold deck temperature 
o Baseboard heating as supplemental heat to each zone 
o Primary heating coil 
o Cooling coil with face and by-p!isS dampers 
o Air temperature leaving air handler controlled by thermal 

requirements of central zone . 
o Fan air quantities vary: zone supply air quantities 

remain constant due to operation of all-air induction box 
o Reheat coils 

DISTRIBUTION SYSTEH NO. 5 
UNIT'VENTILATOR (See Figure 5.6) 

This system consists of a draw-thru air handler with a heating 
coil. 'The coil is controlled by the first zone on the system. The air 
handler is capable of introducing· a fixed amount of outside air. 
Although primarily designed to serve one zone, more than one may be 
simulated. 

PISTRIBUTION SYSTEH NO. 6 
UNIT HEATER (See Figure 5.7) 

This simulation is primarily designed for a unit heater serving one 
zone (i.e., a unit heater free-standing in a room). It may, however, be 
extended to simulate a number of zones (i.e., an air handler with supply 
and return ductwork to several zones). This system is not capable of 
introducing outside air. 

DISTRIBUTION SYSTEM NO. 7 
FLOOR PANEL HEATING SYSTEM (See Figure 5.8) 

The floor panel heating system is designed to simulate either on
grade slabs. or intermediate slabs as shown in the sketches in Figure 
5.8. The simulation calculates the water temperature required to meet 
zone loads and the resultant heat loss of the system. The simulation 
assumes that all zones are to have the same set point temperature. 
Surface and edge losses are also included in the simulation of this 
system. 
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DISTRIBUTION' SYSTEM NO. 8 
TWO-PIPE FAN COIL SYSTEM (See Figure 5.9) 

The two-pipe fan coil system consists of one distribution circuit 
(2 pipes) serving terminal fan coil units located in the spaces they 
,condition. A changeover mechanism based on ambient air temperature is 
required to determine whether hot or chilled water is circulated. The 
fan coil unit, which consists of a blower and water coil, exhibits the 
following characteristics: 

o The blower runs continuously (unless turned off by the fan shut
off option),. while a room thermostat cycles a 2-position valve 
for temperature control. 

a Ventilation air may enter the zone through the unit at a 
constant rate. Outside air flow is input to the program. 

DISTRIBUTION SYSTEM NO. 9 
FOUR-PIPE FAN COIL SYSTEM (See Figure 5.10) 

A four-pipe fan coil system circulates water through two 
distribution systems (a hot and a chilled water circuit). The fan coil 
unit, consisting of a blower and usually two coils, is contro'lled by a 
space thermostat which regulates coil flow. A net heat gain in the 
space causes the thermostat to allow flow through the c~>o1ing coil and 
prohibit flow through the heating coil; for a net heat loss, the 
converse is true. Ventilation air entering the zone at a constant rate 
through the fan coil unit is also simulated. The simulation of this 
system is for a continuously running blower (unless turned off by the 
fan shut-off option). 

DISTRIBUTION SYSTEM NO. 10 
TWO-PIPE INDUCTION UNIT FAN SYSTEM (See Figure 5.11) 

The two-pipe induction system utilizes air and circulated water to 
achieve temperature control. The induction unit itself consists of a 
nozzle which injects primary air into a mixing chamber. As the primary 
air jet which induces room air into it is a changeover type system 
(i.e., hot water supplied to terminal units in winter, cold water in 
summer), the dry-bulb temperature of air leaving the air handling unit 
(primary air), as well as water. temperature, varies with outside air 

. temperature. Final temperature control is achieved via a switch-over 
thermostat which operates a throttling valve located on the coil in the 
induction unit. 

Air side central equipment for this system consists of an air 
handler having heating and cooling coils, a mixed air section, and a 
humidifier. Additional characteristics of the system are: 

o Three outside air/return air options 
o Optional return air fan 
o Humidtf ier 
a Baseboard heating as supplemental heating to each zone. 

Depending on the specific design of the 'system, it is often possible 
that a building requ~r~ng nominal amounts of primary air may be 
moderately pressurized and the return air network eliminated. This may 
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be simulated by not including a return air fan as input and by setting 
minimum outside air equal to 100%. 

DISTRIBUTION SYSTEM NO. 11 
FOUR-PIPE INDUCTION UNIT FAN SYSTEM (See Figure 5.12) 

The four-pipe induction system is comprised of a primary supply 
air, and hot and chilled water distribution networks feeding air-water 
induction-type terminal devices. The primary air which is held at a 
constant temperature (at about 550 F) serves to control humidity in the 
space as well as provide ventilation air as required. This primary air 
is mixed with recirculated room air at the terminal unit. Room air is 
tempered by first passing it through a coil in the induction unit, which 
may heat or cool it as required, such that the mixed air delivered to 
the space satisfies thermal requirements. The coil is controlled by a 
thermostat which regulates the flow of either hot or chilled water 
through the coil. 

Air side central equipment for this system consists of an air 
handler having heating and cooling coils, a mixed air section, and a 
humidifier. Additional characteristics of the system are: 

o Three outside air/return air options 
o Optional return air fan 
o Humidifier 
o Baseboard heating as supplemental heating to each zone 

DISTRIBUTION SYSTEM NO. 12 
VARIABLE VOLUME FAN SYSTEM WITH·OPTIONAL REHEAT (See Figure 5.13) 

The variable volume system simulated is a central air handling unit 
supplying primary air (at a temperature determined by the user) to 
variable air volume (VAV) terminal units. The air handling unit 
includes heating and cooling coils, mixed air section, supply air fan, 
and humidifier. The VAV boxes (controlled by a room thermostat) vary 
the amount of primary air to the space to achieve temperature control. 
When the space demands peak cooling, the VAV box allows maximum air 
flow. As space cooling requirments. diminish, the primary air flow is 
reduced proportionately to a minimum flow rate defined by the user 
(default minimum is 40% and can result in high VAV loads). If less 
cooling is required than can be provided using minimum air flow, the 
reheat coil is activated to prevent over cooling of the space. 

Other characteristics and options available with this fan system 
are: 

o Optional return air fan 
o Humidifier 
o Three outside air/return air options 
o Baseboard heating as supplemental heating for each zone 

DISTRIBUTION SYSTEM NO. 13 
CONSTANT VOLUME REHEAT FAN SYSTEM (See Figure 5.14) 

The reheat fan system simulated is a central air handling unit 
supplying primary air at a constant rate to the spaces. Final 
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temperature control at the space is achieved by reheating supply air as 
required to meet space loads. The air handling unit includes heating 
and cooling coils, mixed air section, supply air fan, and humidifier. 
Operation characteristics and options included in this system simulation 
are: 

o Optional return air fan 
o Humidifier 
o Three outside air/return air options 
o Baseboard heating as supplemental heating to each zone 
o Primary air temperature control options are: 

1) Fixed discharge temperature. 
2) Air temperature determined by the room requiring 

coolest air. This is achieved by a solid state
type temperature control system which monitors 
temperatures of spaces served by the unit. 

3) Reset temperature as an inverse function of 
outside air temperature. 

5.2.2 DESCRIPTION OF ENERGY CONVERSION SYSTEMS 

Thermal loads calculated by the energy destribution system segment 
of the program are then handled by the energy conversion system 
segment. The energy conversion systems available to the user are shown 
in Table 5.2. 

There are basically two types of energy conversion systems 
available: 

1) A central plant serving one or more distribution systems 
2) Unitary equipment serving one fan system 

An all-inclusive schematic diagram of the equipment simulation 
segment's capabilities is given in Figure 5.15. Obviously, all of the 
program's capabilities would not be used in one run. In modeling a 
system, define only those parts of the system that are required. 

NECAP will determine appropriate energy conversion systems for 
heating and cooling for all of the distribution systems if none are 
input. Appropriate capacities and performance characteristics will also 
be provided if none are input. For buildings with no cooling equipment, 
a chiller card must be input with a type zero chiller (see S15 card in 
NECAP Input Manual). 

There are differences in the handling of thermal loads by central 
and unitary equipment, and the method used to calculate fuel resources 
needed to meet these loads. Table 5.3 itemizes the load handling 
techniques used for central equipment, DX unitary equipment, and heat 
pump unitary equipment. Note that the main heating coil and central 
cooling coil loads are processed differently. 

5.2.3 DESCRIPTION OF BUILDING CONTROLS 

The thermal loads are calculated for each hour using schedules to 
define the levels of human activity, lighting, and internal equipment. 
By simulating the energy distribution systems hourly, building controls 
are incorporated into the energy analysis. 
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TYres 'of building controls simulated in the System Energy 
Simulation Program (SESP) include thermostat scheduling, fan scheduling, 
economy cycle, outside temperature reset schedules, and process loads 
sched~ling. Humidification, economy cycles, and various types of VAV 
control are included requirements for input with the fan system data. 

Schedules provide flexibility to allow for fluctuations which may 
occur on an hourly basis. To save time and effort, the schedules are 
defined, then referenced by the space, fan system, or process which is 
controlled hourly. The Space card, Fan System card, and Process Loads 
card all require some type of schedule (if none is input, a default will 
be use.d) • 

. In most buildings, the fan operation, thermostat type, thermostat 
settings, and process loads will be related. The most important criteria 
used in building schedules is the hours of occupancy or operation. NECAP 
also uses this technique in defining schedules so that those components 
which are related will use the same schedule index. 

The thermostat schedule to be used is defined in field 8 of the 
Space card (SI2). The schedule being referenced is an 57 card, where 
weeks are grouped to describe seasonal operation. Each week is defined 
by an 56 card, which describes when daily schedules are to be active. 
Each day is defined by an S4 card, which describes the type of 
thermostat, and the high and low set points for each hour. 

The plenum air flow schedule is unique to each plenum, therefore, 
field 6 of the Space card (SI2) is used to define which schedule is to be 
used. The schedule being referenced is an S7 card, where weeks are 
grouped to describe seasonal operation. Each week is defined by an S6 
card, which describes which daily schedule is to be in used. Each day is 
defined· by an S5 card, which describes the hourly fraction of the total 
airflow. 

A fan schedule may be simulated in the Fan Description card (S 11) 
when field 27 is set to 3, and a schedule is referenced in field 28. The 
schedule being referenced is an S7 card, where weeks are grouped to 
describe seasonal operation. Each week is defined by an S6 card, which 
describes which daily schedule is to be used. Each day is defined by an 
85 card, which describes the hourly fraction of the ventilation. 

The process loads schedule may also vary with respect to time, 
therefore, field 3 of the Process Loads card (819) is used to define 
which schedule is to be used. The schedule being referenced is anS7 
card, where weeks are grouped to describe seasonal operation. Each week 
is defined by an S6 card, which describes which daily schedule is to be 
used. Each day is defined by an S5 card, which describes the hourly 
fraction of the process load. 

Boilers and chillers may also be operated seasonally. Heat pumps 
will use the boiler and chiller schedules (defined on S14 and 515 cards) 
and DX units will use the chiller schedules. Figure 5.16 reviews the 
relationship of component cards to schedules. More information is given 
for each component in the NECAP Input Manual. 
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5.2.4 DESCRIPTION OF INTERNAL COMPONENTS 
! 

Thermal loads for each space are affected by internal partitions,' 
floors, ceilings, and furnishings. The energy that passes through a 
partition between two thermal zones is computed under steady state 
conditions. However, these surfaces may have a significant mass which 
would cause a delayed heat transfer effect between the zones. lnternal 
furnishings may also cause a thermal storage effect in a given zone. 
Therefore, NECAP allows the user to define the thermal properties of 
internal surfaces and furnishings. 

FLOORS 

A space is considered to have an internal floor when an underground 
surface has not been assigned to it.' NECAP makes no distinction as to 
whether the underground surface is a wall or a floor. 

The user has two options in modeling a floor: 

1. Use the default floor which has the thermal properties of 
heavy-weight concrete. NECAP will compute the thickness of the 
floor by using the weight of, floor value which is entered on 
the L17 card in field 4. The area of the floor will be the 
total floor area of the space which is entered ,on the L17 card 
in field 2. 

2. Define the construction and area of the floor. The 

CEILINGS 

construction is defined by using the S9 and SlO cards in the 
same manner as a delayed surface (see NECAP Input Manual). An 
air film should be declared on both sides of the surface. The 
810 card index is assigned to a space by the 812 card in field 
14 or to a plenum in field 7, and the floor area for a space is 
input in field 15 or for a plenum in field 8. 

NECAP assigns a ceiling to all spaces. Ceilings, like floors, use 
two methods of modeling, user defined or program default. 

The user has two options in modeling an internal ceiling: 

1. Use the default ceiling which has the thermal properties of 
heavy-weight concrete. The thickness and area are computed in 
the same manner as floors (see L17). 

2. Define the construction and area of the ceiling. The 
construction is defined by using the S9 and S10 cards in the 
same manner as a delayed surface. An air film should be 
declared on both sides of the surface. The S10 card index is 
assigned by the 812 card in field 16 or to a plenum in field 9, 
and the surface area in field 17 or over a plenum in field 10. 

When a ceiling is actually a roof, NECAP will compute the heat transfer 
across the ceiling and the roof. This configuration may be simulated by 
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modeling a ceiling consisting of a single air layer. Thus the appropriate 
amount of mass is used in the heat transfer calculations for the space. 

An internal surface that is a ceiling for one zone and a floor for 
another must be declared twice either by input or defaults. Each space 
computes the heat transfer properties of its envelope. Because the load is 
computed for each zone separately, the energy is not doubled. 

FURNISHINGS 

The user has three methods of modeling the space furnishing: 

1. If the space has no furnishings, enter a zero in field 11 of 
the S12 card. 

2. The surface area will be the total space floor area input in 
field 2 of card L17. The weight of furnishing per square feet 
of floor area is input using field 11 of the S12 card. The 
weight of furnishings, defaults to 10 lbs/sqft. A plenum uses 
.5 lb/sq ft. 

3. Define the construction and surface area of the furnishing. 
The construction may be defined by using the S9 and S10 
cards. An air film should be declared on both sides of the 
surface. The S10 card index is assigned by the S12 card in 
field 18 or to a plenum in field 11, and the surface area is 
input in field 19 or field 12 for plenums. 

5.3 OUTPUT REPORTS 

From the Systems Energy Simulation Program, the user will receive 
ten (10) types of reports summarizing the following: 

1. Report Sl - Echo of Building and Systems Input Data 

2. Report S2 - Title Page 

3. Report S3 - Summary of Energy Distribution System 
Characteristics 

4. Report s4 - Summary of Zone Air Flows 

5. Report S5 - Summary of Hourly Calculations (Optional) 

6. Report S6 - Summary of Equipment Capacities 

7. Report S7 - Space Temperature Frequency Distribution 
Summary 

8. Report S8 - Monthly and Annual Energy Summary 

9. Report S9 - Executive Summary 

10. Report S10 - Economic Summary 
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5.3.1 Report Sl - Echo of Building and Systems Input Data 

Report Sl (Figure 5.17) summarizes the user input data with the 
default values used by the Systems Energy Simulation Program in 
performing each analysis. The user can quickly ascertain if output 
errors or peculiar results are due to improperly defined input data. 

5.3.2 Report S2 - Title Page 

The Title Page (Figure 5.18) indicates the facility name, location, 
project number, engineer and date. 

5.3.3 Report S3 - Summary of Energy Distribution System 
Characteristics 

During the first part of the energy analysis phase, the Systems 
Energy Simulation Program calculates the rate of supply air required by 
each zone to meet peak heating and cooling loads. Report 83 (Figure 
5.19) summarizes these results on a per-distribution system basis. 
Items printed on report include: 

1. System Number - defined by order of input S11. 

2. Type - defined by input Sll. 

3. Supply Fan BHP - determined using summation of calculated 
air flows for each distribution system, and total supply 
fan pressure defined in input S11. 

4. Return Fan BHP - determined using summation of calculated 
air flow minus summation of zone exhaust air flows (input 
S12) for each distribution system, and total return fan 
pressure defined in input S11. 

5. Exhaust Fan BHP calculated using summation of zone 
exhaust air flows for each distribution system, and total 
exhaust fan pressure defined' in input Sll. 

6. Numer of Zones - defined by input Sll. 

7. Total Supply Air Flows - determined from user input (S12), 
or from zone peak heating and cooling loads retrieved off 
of input tape, and design supply air temperatures 
summarized in Table 5.4. 

8. Minimum Outside Air Flows - Summation of zone requirements 
defined in input Sll. 

9. Exhaust Air Flows summation of zone exhaust air 
quantities defined in input s12. 

10. Percent of Minimum Outside Air - quantity determined in (8) 
divided by that determined in (7). 
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5.3.4 Report S4 - Summary of Zone Air Flows 

Report S4 (Figure 5.20) is similar to Report S3 except results are 
enumerated on a zone-by-zone basis. The column explanations are: 

1~ Fan System - defined by order of input Sll. 

2. Zone Number - increases sequentially from 1 to number of 
zones indicated in input S11. 

3. Load Space Number - defined by input S12. 

4. Supply CFM - determined from user input (S12), o.r from 
peak heating and cooling loads retrieved off of input 
tape, and design supply air temperatures summarized in 
Table 5.4. 

5. Exhaust CFM - defined by input S12. 

6. Set Point Temperature - defined by input L17 and passed 
along on input tape. 

7. Cooling Capacity - determined from input S12, or from 
defaulted values calculated in the load program. 

8. Heating Capacity - determined from input S12, ar from 
defaulted values calculated in the load program. 

9. Thermostat Type - defined by input S4. 

5.3.5 Report S5 - Summary of Hourly Calculations 

If. the user desires to. track the hourly calcualtians perfarmed by 
the Systems Energy Simulation Program during the simulation phase, the 
optional report S5 (Figure 5.21) can be asked for via the use of input 
S3 card. The leng~h of this report can be conSiderable, depending upon 
the length of analysis and the number of optional print parameters 
turned on. The lines of output that will be printed with both hourly 
print parameters turned on are indicated. 

5.3.6 Report S6 - Summary of Equipment Capacities 

Report S6 (Figure 5.22) summarizes the equipment capacities that 
were calcualted by the program and used to determine the building's 
total hourly demand for energy. For details of algorithms used to 
perform sizing function, refer to Section 4 of the NECAP Engineering 
Manual. 

5.3.7 Report S7 - Space Temperature Frequency Distribution Summary 

Report S7 (Figure 5.23) gives the user a record of the temperature 
history for each zone for the period of analysis. The hours that the 
zone temperature fell within each of the given temperature bands, are 
indicated for occupied and unoccupied hours. A zone is considered to be 
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occupied if hourly occupancy is greater than 25% of the total occupancy 
specified in the load program. 

5.3.8 Report 88 - Monthly and Annual Energy Summary 

At the conclusion of the analysis period, a 4-part report (Figure 
5.24) is printed detailing the building's monthly and annual demand and 
consumption of all forms of energy. A brief explanation of items 
follows: 

1. Monthly Btu/1000 - Consumption and Demand 

(a) Monthly Heating - heat output of central heating plant. 

(b) Monthly Cooling 
plant. 

cooling output of central cooling 

2. Electricity - Consumption and Demand 

(a) Internal Lights and Building Equipment - power used by 
items defined in input L17. 

(b) External Lights and Building 
equipment defined in input 
provided in input S20 and are 
is down. 

Equipment - power used by 
L17; external lights are 
turned on whenever the sun 

(c) Heat - power consumed by the boiler. 

(d) 

(e) 

Cool power consumed 
cooling, chilled water 
and cooling tower fan. 

by chiller providing required 
pumps, condenser wat.er pumps 

Fans 
and 

- power consumed by distribution system supply 
return fans and exhaust fans. 

(f) Process Electricity - Amount (Scheduled -from S19 card). 

(g) Total consumption is the summation of consumption 
values for (a) through (e); demand is the peak power 
consumed in anyone hour. 

3. Gas - Consumption and Demand 

(a) Heat fuel consumed by gas-fired boiler providing 
required heat and/or gas heat source for reheat coils. 

(b) Cool - fuel consumed by gas-fired boiler providing steam 
for steam absorption chiller. 

(c) Generation - fuel consumed by gas-powered engine/generator 
sets. 

(d) Total - summation of items (a) through (c). 
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4. Steam - Consumption and Demand 

(a) 

(b) 

(c) 

Heat - purchased steam used to provide required heat 
or reheat. 

Cool - purchased steam used by steam absorption 
chiller or steam turbine-driven centrifugal chiller 
to provide required cooling. 

Total - summation of (a) and (b). 

5. Oil - Consumption and Demand 

(a) 

(b) 

(c) 

Heat - fuel consumed by oil-fired boiler providing 
required heat and oil heat source for reheat coils. 

Cool - fuel consumed by oil-fired boiler providing 
steam for steam absorption chiller. 

Total - summation of items (a) and (b). 

6. Diesel Fuel - Consumption and Demand 

(a) Generation fuel consumed by diesel-powered 
engine/generator sets. 

7. City Water - water required for humidification and make-up to 
cooling tower. 

5.3.9 Report 59 - Executive Summary 

This report (Figure 5.25) gives the results of the study in terms of 
building energy consumption. It also gives the "at the building line" 
and raw source energy, expressed in KBtu/sq. ft. for the period of the 
study. This report is especially useful as a single page summary, and 
to compare various runs. 

5.3.10 Report S10 - Economic Summary 

The last report (Figure 5.26) summarizes the annual cost of the 
building as it was modeled. It also estimates the cost of mechanical 
equipment. From these values, it calculates the uniform owning and 
operating costs. The economic analysis is the same as running program 
ECON (Owning and Operating Cost Analysis Program) described in Section 
6. All the economic assumptions are given in the summary. These 
assumptions are arbitrary and should be used with caution. If input 
data other than that used in the assumptions are necessary, the user 
should continue to program ECON. 
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Figure 5.16(a) - SCHEDULING 

R = repitition numer of the schedule to be referenced 
F = card's field number 
L or S = Load or System card 

L5-R - Weekly Schedule Card 

F1 to 9 = # of a standard schedule. If # is greater than la, a special 
schedule is used fromL6's R. 

L6-R - Daily Profile Card 

R must be in order starting from 11. 
F1 = Fractional part of load for HR#l. 
F2 Fractional part of load for HR#2. 
F3 = Fractional part of load for HR#3 ••• etc. 

L17-R - Space Card 

F8 = People Schedule using L5's R. 
F13 = Lighting Schedule using L5's R. 
F18 = Equipment Schedule using L5's R. 

S4-R - Thermostat Schedule Card (program will not sort) 

Fl Type of thermostat for HR#l. 
F2 = High temperature setting for HR#l. 
F3 = Low temperature setting for HR#l. 
F4 Type of thermostat for HR#2 • • • etc. 

S5-R - Daily Operating Schedule Card (for venilation & process equipment) 

Fl = Fractional part of load for HRttl. 
F2 = Fractional part of load for HRt12. 
F3 Fractional part of load for HRtf3 • . . etc. 

S6-R - Weekly Operating Schedule Card 

Fl = Operating or thermostat schedule. 
F2 = S4's R or S5's R for Sunday. 
F3 = S4' s R or S5's R for Monday. . . etc. 
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Figure 5.16(b) - SCHEDULING 

S7-R - Yearll Schedule Card 

F1 & 2 = Month/day start of 1st period. 
F3 = S6' s R. 
F4 & 5 = Month/day start of 2nd period • . • etc. 

Sll-R - Fan Description Card 

F27 = Fan operation type: If value is 3, use F28 for schedule. 
F28 = Schedules ventilation air using S7's R. This will keep fan on when 

ventilation required is > than 0, even though no heating or cooling 
is required. 

S12 - Space Description Card 

F8 = Thermostat schedule using 87's R. 

F6 = If a plenum (a different format), fan schedule using 87's R. 

814 - Boiler Card 

F3 & F4 = Month/day start boiler or heat pump. 
F5 & F6 = Month/day stops. 

815 - Chille r Card 

F4 & F5 = Month/day start chiller or DX unit. 
F6 & F7 = Month/day stops. 

S19 - Process Load Card 

F3 = 8chedule from 87' s R. 

Defaults are shown on the input information. If S4, 5, 6, 7 is not used, a 
special defaulted thermostat schedule is used. See the NECAP Input Manual 
pp. 3-10. 
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TABLE 5.2 
ENERGY CONVERSION SYSTEMS 

TYPE SOURCE OF ENERGY 

CENTRAL COOLING PLANTS 

1. Hermetic Reciprocating E1 ectri city 

2. Hermetic Centrifugal Electricity 

3. Open Centrifugal Electricity 

4. Steam Absorption Gas-fired Steam Boiler 
Oil-fired Steam Boiler 
Purchased Steam 

5. Open Centrifugal with 
Steam Turbine Purchased Steam 

CENTRAL HEATING PLANTS 

L Hot Water or Steam Gas 
Oil 
Electric 
Purchased St.eam . 

2. Air to Air Heat Pump Electricity 

. POWER GENERATION PLANTS 

1- Engine-Generator Natural Gas .. 
Diesel Fuel 

.. 

UNITARY EQUIPMENT· 

1. Air to Air Packaged OX Units Electric 

2. Air to Air Heat Pump Electric 

• One unit serves one fan syst.,rl • 
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Table 1i.3 ENERGY CONVERSION SYSTEM LOAD HANDLING 

Load Source 

Main Heating coil 
(or Hot Deck Coil) 

Preheat Coil 

Reheat Coil 

Humidification Energy 

Baseboard Heating 

Two-Pipe Changeover 

Central Cooling Coil 

Terminal Unit 
Cooling Coils 

LEGEND 

1= Applies 

- = NA 

* = Supplemental 
Heating Load 

Energy Distribution 
System Load Handl i ng , 
On Month Load 
Summary Table 
Heating Cooling 

I 

I 

I 

I 

.; 

.; .; 

,I 

I 

Load Handling Equipment 
Central Equipment Unitary Equipment 

Reheat Central Heat OX 
C-oi 1 s Boiler Chiller Pump Unit 

~ A [>( 
~. 

~ 
~ 
~ -

~ ~ 
~ ?>< ><Z 
X 



TABLE 5.4 HEATING & COOLING PRIMARY AIR DESIGN TEMPERATURE 
SYSTEM SYMBOL PRIMARY AIR PRIMARY AIR INDUCED AIR 

TYPE COOLING DESIGN HEATING DESIGN HEATING COOLING 
(oF) (OF) (OF) (OF) 

1 SZFB 55. 120. - -
2 MZS 55. 120. - -
3 DDS 55. 120. - -
4 SZRH 52. 95. - -
5 UVT . 55. 120. - -
6 UHT 55. 120. - -
7 FPH O. O. - -
8 2PFC 55. 110. - -
9 4PFC 55. 110. - -

10 2PIU 53. 
, 

53. 120. 62. 
11 4PIU 53. 53. 120. 62. 
12 VAVS 55. 120. - -
13 RHFS 55. 120. - -

These temperatures are the default values for the air handlers air 
discharge temperature. If the required space temperature is below the cooling 
design, or above the heating design, the calculations will produce negative 
air flows and are in error. The user is cautioned that if a space temperature 
design exceeds these temperatures, a system should be selected so an 
appropriate coil discharge temperature may be applied to the system. 
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SECTION 6 
OWNING AND OPERATING COST ANALYSIS PROGRAM 

6.1 OBJECTIVE AND DESCRIPTION 

The Economic Summary Provided by the Systems Energy Simulation 
Program (SESP) is produced using the Owning and Operating Cost Analysis 
Program (ECON). SESP uses internal values to compute annual cost. If 
annual cost is to be computed using different economic factors, then the 
ECON prog~am should be used. Because of fluctuating costs for energy, 
fuel, material, labor, and interests, it may be difficult to ac(.u,--O>.tely 
account for these factors. 

ECON performs a life cycle cost analysis for each building heating 
and cooling system analYl1'ed by SESP. Life cycle costs are those 
expenditures which occur singularly or periodically over the life of the 
building, and includes cost of energy, cost of equipment in terms of 
first costs and replacement costs, which occur if the expected life of 
the equipment is less than that of the building, cost of maintenance 
(material and labor), cost of periodic overhaul (material and labor), 
salvage value of equipment at end of building life, and opportunity 
costs for floor space occupied by equipment. 

6. 2 INPUT DATA 

The punched card form of input data is required for ECON. 
Instructions for the preparation of this data are given in Table 6.1. 

6.3 OUTPUT REPORT 

An owning and operating cost report similar to that shown in Figure 
6.1 is received for each set of input data given to the program. Most 
of the information appearing on this report is simply a recap of input 
data. The real results of the analysis are the annuities for each 
equipment category and for the total HVAC system. These annuities are 
calculated utilizing the uniform owning and operating cost technique. 

6.4 EXAMPLE 

To illustrate the use of ECON with the example facility, the input 
data shown in Figure 6.1 was used to exercise the program. The output 
follows the echo of input, shown in Figure 6.2. 
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SYSTEMS ENGINEERING 
HAMPTON. '\IA. 
R.N.JENSEN 
SEB BASE-LONG 
DEC. 15, 1981 
40.0 
10.0 8.0 
.035 .50 
1.0 
VARIAIjLE. VOLUME FAN 
3.0 
1. 808929. 
202.6 195.6 
239.1 238.9 
4.0 1145. 

~ ~.o 78.0 
I 3.0 tv 

t;OILERS 
880. 440. 
CHILLERS 
3300. 1650. 
OX/UNITS 
120. 60. 

BUILUING,LARC 

10.0 8.0 10.0 
I.Ze 5.00 1.20 1.40 

SYSTEM wITH STEAM ABSORPTION CHILLER 

LTS FANS HTG COOL PROC EQUIP 
195.6 238.1 238.9 239.1 
223.5 202.6 
STEAM FOH HEATHING AND COOLING 
COOLING TOWER MAKE-UP WATt.Y 

88ll00. 20. O. 
880. 880. 8800. 

33000\1. 20.0 ·0. 
330C. 3300. 33000. 

12000. 20. O. 
120. 120. 1200, 

SP.f·1PLE INPUT TO OWNING AND OPERATING 
COST ANALYSIS PROGRAM 

FIGURE 6·.1(a) 

OC-l 
OC-2 
OC-3 
OC-4 
OC .. 5 
OC-6 
OC-1 

20.00 OC-8 
OC-9 

OC-l1 
OC-12-1 

239.1 OC-12-iA 
OC-12-18 

OC-12-2 
OC-12-3 
OC-13 

10. OC-14"'1 
OC-15-1 

10. OC-14"2 
OC-15-2 

10. OC-14-3 
OC-lS-3 



~~~.------------------------------------------------------------~----------~-------

--------------------

.------ ----_ ...• _--- ----_ .. -

---------- ----_._--- -'-----'----- -----_.--- ._---------------------

------------ .. ---

-~.~--~---~.----.. --.-.----.- ~-- ----~- -- --. - - -------_._--_.-------_ ... - -- ----.-----". 
.. _ ... _._ ...... _ .. __ . __ .. - .---.-... _..... ...... - .. *-----_ .. _-_. __ ._- ---_._ .... __ .. _._-_._.-. 

-._-_ ... -.-------"---- ------- ----------* --.---- ---- .--- -- .... ----- "--_.-- ---' .. - ... ------- -- ---_. ------ -.-.. ----- _._----- *"'--'-- -.---. _ .... -_ .. _ ... _- --.- .. _-_ .. '---'-'--" ...... - .. _._-_ .. ---. __ .--_._---- .. ---------- ¥------------_ .. _--.. - .--
-_. __ .. _-_ .. _-----------------------*- "---------- --
--' ------ ._------_._--... - _._- ---------. --'-- --- -"--"--- "---- ---_. ---.--- -" ---.. _---- --------- -

* _._------. -- ------
* 

---_. __ . __ ._-- _.----. _._------.. _- ... _-_._----------._-_._._.- -- - -"'--'- .-

ft. * _._._---. __ ._---_._--- *- .- . __ .-.... _.- ----_.-. -_ .. _----_._-- _.-

-.--~-- .---.. '1'-- ... __ ._._ .. 
---1:---.---.--------- * 
-- -W---.. --.----

---B D I (0 nft;--' ---------.-------.- -"-'-'-----. - . -- -- . * 
* 

--_.- .--_ .. _ .. _.---------------_._---_. __ .-----_ ....• -.. __ ._-.. _-------_.-._-

* 
----._-_._-_ ... _--------------_._-_._------ ...... - _._. ----_ .. -. - _.- '- .. 

---..---- * ---~ AM··P-TO"N-;--V"A";------- ----.-----.----"*--------.---_.----.. -.- - ---
--_._------._--- -------.. ------ . "._ ... _----_ .. _---------- ------.-_._- --"- -------. -- - .. _--_ .. _----------~.-- -_._. --.------.-~------------------- -------_._---_.. -------_ ...... -"-'-- - -."-- --- '* ..... _--_. __ ... _._- ----- ----_ .. _--

·-----·.-tf:;·f.. tNE'ER - R. N. J EN S E-N"--------- -------- ----- --------- - ---- ---- ---- - -- - - - * ----. --- ---------.. -
___ . ___________ c ____ *-p ~-DJ ECrN~r)-:::-_:_·5 E B-9 -AS E ~-CONG·-----·--·-----·-------·----· .. ----.-.--•. ---. ---.--. --.-.---- ---' '.- ---------. 

* D'Art --------:.-6F:C~--15,· l<fsl--- --------.--- .------.-------------.--.--------* ------.--------.. -.---.-. -.. -.-----.. ---------_._ .... *-- . -- ... ---- .. _ .. ----_._._- -------.----.. ---- -----_._----------_. -. --.--'- - _._._--- ---_ .... _------ .-.-.--.... -. 

. ----------.----
OUTPUT OF OWNING AND OPERATING 

-----_._--- ------ COST ANALYSIS PROGRAM 

FIGURE 6·.2(a) 

------------------------------_ ... _--
._-----------------_. 

------- -.. - -----
----------------------_._-----_ .. _ .. --------_ .. _._ .. __ ._--- - -----------.-----.-------.. -



: ... ~ • ~ n*T~.!* *-~~!*-**- TNPOT-';-SSiJMP~rniN:s-*-_~:\'UIt *!.*"'''' **!.! ____ _ 
--q"tT!TDTIJG-Cr;:~------~Ci-;01r YE-.Bl-S ----- .. - --_ ... ,._- .,. __ ... _ .. _----_._-----_._--------------,--_._---

- ,_. -,.,-.. ---:--------------

OUTPUT OF OWNING AND OPERATING 
COST ANALYSIS PROGRAM 

FIGURE 6.2(b) 

-6-4 



-_.'------_._--- ---- -.--------~---.-.----------.----------.--....:....-.---.------.--------- ---~.--- ---------

~~fi1<* •.•• "'-,"*.-***-. * ***-", ******** **********T**~ft"."'-.*~-tN E~ G 'Yca-51-SUM tn;-R-Y-*-*"'****~* u.*~.* "***-'!'*'n ",-*.>Ii ***"'* t-~ *r~**-*>f* '" -,' '" .'''*-* '" * ** >.--
~ C .---.------------.---------------------.----.. --------. -----.------.-----.-.--.-----.-----.-.- .-------.------.. ---.-.-- .. ---.----.- -.----~-

-".-------'·----------------r~t~-';r-tJNn--L_O-s_T5--------CDf.lSUMPTrOW--- -CtMANc------------TQTaC-COl)r-------ANNUITY- * ·:!_-==-_t====-- ------ C10~_'$li=~-i;~~_.~p-----~-:-~==--=--=:~:.:~=---_---_---=----_ -----------.--- --{$' ---- ----- ($j- --.,-
... " I C'I ----. - --- - --- .. ------ '*-

--*----r~.rCiU: HY -------------------.- -------------- .-----... -.-----.-- ------,..-

=:=_=-~~~~~~·.~.~t~~]i!-G-t1T1!-C~~~C!9Jr~==--==;-~~~--=3CY~O'o~-=-_=~=_=:::::_::B08~2Q~--KW.~=_=--_=:=__==~~~~-q.::~~_K~_--------=-_-=-~~O'~~!-_~==-__ ~?_53c-:;-;--!-
-,.------ .. ~ ';::AM -~QR-HeA-,.l-OrN(;-.nr(f-C-OiJnf.rG----5";00--- --O~OO--------- .------ 1145.-- K-rrs-- --------o-;;-rcLBS--------- 5725-;----------23417;;---*-
-:j--~"ATr~?"--··----·-·--------------·-·-------------···---.-- .. ----~-- -.... --- -.--.-----.---.----- .. ----- ------------------- -_._--*-
-r---tij-O[Hr~-Towt'C~A"Kf;;.;IJ;;-W_f.Tfl<--"--r."'2-0----O:;OO---.-----------78~--K-GAIS- -- ------·---O--;-K--"GALS---·-"--·-"-94--; -- -----""-- ""5R3-~--*-

-7----- -. --.-.- -- ------------ -.----.--- .-- - .. - --' ----------. -----------------.- --. --. -*.-
-*---- --_. __ ._-----------"-------------------------------_. __ ._------_. '--"-- ---- ------------- --_. -----.-..;;.;;;=-.;.-;:;;;.-~..;;;;,...;;:.;----~;;;-.; .. ;.;;;;:-.;.;;,.--;;...;.:.;..;.--.* 

--* .. -----.-.- - .. ----.- - ... ------- -.-------- .------.--.----.. --------. ·-·...:.--·-·-GJfA·No-'aT·A[S--~ --.----.------. 38Q13·~·----------·--15Q169-,· :t 
~--'" ----------- -------- --_ .. __ .-.------------------_._-.. _._---- .--.. '-- . -----_. - ---- ------------ --- -- ---- - --_._- ----_. __ ._--_._------_.. ..-_._------ .-- :\<-

---*' .. ,H-¥.-";.*i,\*-·****. ~l<-***-*-~-** .. -**"-~-**f*-*.r*iIi~**¥***,ji*.,,:f.#¥*****-****-********* ** >I: *** *****-****** **** **************** * *,j. ** **'" ** .-* *** *" ** .. *~o '" 
___ 0- _____________________ _ 

---~* .. **~ u. h'-*it-. *..,-* ******-**-.-**-.********:h-*-***********--SYST EMS--AN 0 E au I PM ENT--C os T -.. ***********. ********UU***>6:**"-** *>l-* **Hi<*****."* •• '" .-.. - - ._-- ------ -'---'-- _ .. __ ._._- -.- ----.-.-. __ ._._----------_._-------------_._-- - - - '" 
- .• ---- -.-- ----.. ---------------- -------rN ITI,u-----ANT leI P-HEO- SAL VA GE----- MAJ OR -- OV F.R~AUL - 6NN UH- M A INTENANC F. .. >=L C;N S C' ACE A/.iNUI TV- 4< 

-~--------·---- .. -.. ---.. -------------c OS r---- ----LI F t--------C 01-1$ r D.-·----PER! tlO l 49 OR I>IH E? rAt L 4 %1< M,,\ T E'< IAl ~ OS T * 
=~--p~-~~~~~-;=-=~~-=~==--=-=---===~~~80~~-~:-:::-":::--~-20 ::=--~-~---- NO ---: 10 . 880. 880.- - -8RO. - ---440 .-----~- 8500.--- - 57184. -: 
-*-·;:-HnLr=lfs-----------~30001)~----2Q ----------- NI) 10 3300. . 3300. - . 3300. ----- 1650~----- ---33000. -- -- 21'·4':'0. '* 
- .. C)(/I!NIr(;------------------~2000_;-----20-------NO- ------ 10 120. 120.----- 120.- 60. -------- 1200~--- -- - 774Fu -* 
--.-----.------- ----------------_. __ ._---_. __ ._.0- _ '--'--'-' _ ----.-- .. ---.-. -----.--.--.--- __________ >I-

--v ---0----0-----0-- -'-rOTACSYSTPISo AND EQU!PMENT ANNlJITy------- ----- ° 279422.* 
--"'------ -------.-----.-- ----------- .. --... - '-'-'---"--- -- --'-'-'- - -t." 

--... .-¥u-:¥:.li.ffl<l: ...... *.*.-:i<.ft-'f**.-.. -.*.*-;"*-••• *.,,*.i+:.-.-if .. ii<.~.-ili.'" ** **. tiC. ·U**-** ****** *¥** ** ", . .., * ** *** * ** ****** **** *** * * ******* .*****,. ~* **,.- ** r-----.--.----------------- -------.-------- .. - --- ._._----_._--
-------_._---------------_._--------_._--- --------_._-- ----- - _ .. 

_'-'0 -- ------ , .. ---- .-*>1';;'*" •• -* ••• '>1' •• *.-••• -"'.-************** •• ******-*********** ***"'******** *** .---- -------.------ ------0 -.- ----. -- -.- ---'--
----------- ------------------------*-TonL-r)W>n~~- AN[1-0PER A TI Ne ANNt]iTY -- ------- 43 F<591 ~o DrlL L ARS--.----------------·-----------
-----------.---- -.----. --.. ------------.*****iI<-****** *.******* .. ****** ** **** >!C** **** ** *** .. *** **** *** * ***** *** ***---------0-- . -- .. ----

OUTPUT OF OWNING AND OPERATING 
COST ANALYSIS PROGRAM 

FIGURE 6. 2{ c) 



Table 6.1 

OWNING AND OPERATING COST ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING PROGRAM LIMIT 1 
ORDER COLlJMNS INPUT VARIABLE DESCRIPTION SYMBOL UNITS VALUES CODE COMMENTS 

OC-l 1 to 35 Header 1, e.g. Facility Name FAC - - - Any alpha~ 
numeric character 

OC-2 1 to 35 Header 2, e.g. Facility Location CITY - - - -
OC-3 1 to 35 Header 3, e.g~ Name of Engineer ENGR - - - -

OC-4 1 to IS Header 4, e.g. Project Number PROJ - - - -

OC-5 1 to 15 Header 5, e.g. date DATE - - - -
OC-6 1 to 10 Building Life BLGLF Years - - -

OC-7 1 to 10 Annual Interest Rate RINT % - - -

11 to 20 Annual Increase' of Labor Cost RINL % - - -
21 to 30 Annual Increase of Material'Cost RINM % - - -
31 to 40 Annual Increase of Floor Space Cost RINF % - - -

41 to 50 Annual Increase of Energy & Fuel Cost RINE % - - -

OC-8 1 to 10 Unit cost of Electricity CELE $/KW - - -
11 to 20 Unit Cost of Gas CGAS $/therm - - -

21 to 30 Unit cost of Oil COIL $/gal - - -
31 to 40 Unit cost of Purchased Steam CSTM $/1090 lbs - '- -
41 to 50 Unit cost of City Water CWAT $/1000 gals - - -
51 to 60 Unit Cost of Diesel Fuel CFUL SIgal - - -
61 to 70 Unit Demand Cost of Electricty . DELEC $/KW ,- - -



0'\ 
I 

-.....J. 

READING 
ORDER 

OC-9 

OC-I0 

OC-ll 

OC-12 

Table 6.1 (Continued) 

OWNING AND OPERATING ~OST ANALYSIS PROGRAM CARD INPUT INFORMATION 

PROGRAM LIMIT 
COLUMNS INPUT VARIABLE DESCRIPTION SYMBOL UNITS VALUES 

1 to 10 Number of cases to be analyzed CASES - -

Reading Orders OC-I0 Through OC-15 Should Be Repeated "CASES" Times. 

1 to 30 System Des~ription Label DESC - -

1 to 10 Number of Energy Categories ENCAT - 1 to 15 -

Reading Order OC-12 Should Be Repeated "ENCAT" Times. 

1 to 10 Energy Type ETYPE - 1 to 6 

KW. Therms. 
11 to 20 Annual Consumption ECONS Gals. 1000 -

1000 gals. 

21 to 50 Energy Category Label ENLAB - -

CODE COMMENTS 

- -

- -

- -

1 elect. -
2 gas 
3 oil 
4 steam 
5 water 
6 diesel 

- -

- -



Table 6.1 (Continued) 

OWNING AND OPERATING COST ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING PROGRAM LIMIT 
ORDER COLUMNS INPUT VARIABLE DESCRIPTION SYMBOL UNITS VALUES CODE COMMENTS 

Reading Orders OC-12A and B must follow any card OC-12 having an energy type (ETYPE) = 1. 

. 
OC-12A 1 to 10 Electrical Demand for January EDEMD KW - - -

11 to 20 " " " February 11 n - - -
21 to 30 " " " March " " - - -
31 to 40 " " " April " tI - - -
41 to 50 " " " May " " - - -
51 to 60 11 11 '11 June 11 " - - -
61 to 70 " 11 " July " " - - -

OC-12B 1 to 10 Electrical Demand for August EDEMD KW - - -
11 to 20 11 " 11 September 11 " - - -
21 to 30 11 11 11 October 11 " - - -
31 to 40 II " " November 11 11 - - -
41 to 50 11 " " December 11 11 - - -



~ 

I 
1.0 

READING 
ORDER 

OC-13 

OC-14 

OC-lS 

Table 6.1 (Continued) 

OWNING AND OPERATING COST ANALYSIS PROGRAM CARD INPUT INFORMATION 

PROGRAM LItHT 
COLUMNS INPUT VARIABLE DESCRIPTION SYMBOL UNITS VALUES CODE 

1 to 10 Number of Equipment Categories EQCAT - 1 to 15 -

Reading Orders OCl3 and OC14 Should Be Repeated "EQCAT" Times. 

1 to 30 Equipment Category Label EQLAB - - -
31 to 40 Installed Cost of Equipment COST $ - -

41 to 50 Expected Life of Equipment LIFE Years - -
o No 

51 tQ 60 Is Resale Value to be Considered: SV - - 1 Yes 

61 to 70 Major Overhaul Period OHPD Years - -
1 to 10 Estimated Annual Maint. Labor Cost AML $ - -

11 to 20 Estimated Annual Maint. Material AMM $ - -
Cost 

21 to 30 Estimated Major Overhaul Labor Cost OHL $ - -
31 to 40 Estimated Major Overhaul Material OHM $ - -

Cost 

41 to 50 Estimated Cost of Floor Space FLR $ - -
Occupied by E~uipment 

COMMENTS 

-

-
-

-

Based on straight-
line depreciation 

.,,- ..• -
-

-
-

.--
-

-. -
- -
-

--.-~ -
-

-.----.--
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APPENDIX A 

INSTRUCTIONS FOR DIMENSION 
STATEMENT ALtERATION 

INSTRUCTIONS FOR DIMENSION STATEMENT ALTERATION 

Certain variables in NECAP have only one value. For instance, FNS, the 
number of spaces, is described by one number. The direct normal radiation, 
RDN, also takes on one value, which varies with time, but may be described at 
any given time by one number. Such variables, called scalars, require only 
one location in the computer memory. This location is assigned automatically 
the first time scalar variable is used. 

Other variables, however, possess a number of values. For example, AW, 
the area of a window, has as many values as there are windows in the 
building. The number of vertices of a shade polygon added toa window, FNVAW, 
has a different value, for each of the added shade polygons, for each 
window. Such multi-valued variables are called arrays or matrices. They each 
require more than one location in the computer's memory. 

The computer does not assign such blocks of memory automatically. The 
number of 'values (the dimensions) of a matrix.variable must be assigned by the 
use of special statements, called dimension statements. 

The core requirements for running the program depend upon the numbers 
entered into the dimension statements. For the most efficient utilization of 
a computer system, the user of this program should arrange dimensions 
according to his applications. 

NOTE: Since the computer does not accept "zero" for a dimension value, 
if a dimensioned variable is equal to zero, always use "ONE" for 
dimension vahle. 

A-l 



A 

B 

C 

D 

E 

F 

H 

I 

K 

L 

N 

p 

R 

T 

v 

x 

Y 

AB 

AC 

AD 

AF 

AG 

LOAD PROGRAM GLOSSARY 

Number of spaces in buidling 

Number of distinct delayed heat transfer surfaces in building 

Number of distinct quick heat transfer surfaces in building 

Number of distinct windows in building 

Number of types of delayed heat transfer surfaces 

Number of inside heat transfer surfaces in building 

Number of underground floors in building 

Maximum number of sides of any exterior heat transfer surface 

Maximum number of shading surfaces deleted from any exterior 
heat transfer surface 

Maximum number of shading surfaces deleted from a delayed heat 
transfer surface (L < K) 

Maximum number of sides of a delayed heat transfer surface 

Maximum number of shading surfaces deleted from a quick heat 
transfer surface (P < K) 

Maximum number of sides of a quick heat transfer surface 

Maximum number of shading surfaces deleted from a window (T < K) 

Maximum number of sides of a window 

Number of shading surfaces 

Maximum number of sides of a shading surface 

Maximum number of inside heat transfer surfaces in a space 

Maximum number of quick heat transfer surfaces in a space 

Maximum number of delayed heat transfer surfaces in a space 

Maximum number of underground spaces in a space 

Maximum number of windows in a. space 
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GLOSSARY (CONT'») 

AH Number of pi.ctures desired of shadows on delayed heat transfer 
surfaces 

AI Number of pictures desired of shadows on quick heat transfer 
surfaces 

AJ Number of pictures desi~ed of shaded areas of windows 

AK Must e~ceed number of sides of any exterior heat transfer 
surface or any shading surface (for example: AK = J + 3) 

AL *Maximum value of number of shading surfaces - number of 
deletions + window setback shading surfaces (for any exterior 
heat transfer surface ) 

AM Maximum number of sides of a shading surface + 3 

AO,AN Fineness of division of exterior heat trans~er surface for 
shadow analysis (corresponds to ~ and Y divisions of a surface) 

*NOTE; If a window is setback, the program generates three setback shading 
surfaces. 

CURRENT VALUES FOR ARRAY SIZES 

A 'T' 35 B = 75 C == 25 
D :;; 35 E :;; 26 F = 70 
H :;; 30 I :;:; 10 K ::; 10 
L = 10 N = 10 P = 10 
R = 10 T == 10 V = 10 
X == 10 Y == 16 AB= 30 

AC ::; 30 AD= 30 AF :;; 30 
AG = 30 All == 20 AI ::; 20 
AJ = 20 .AI{ :;; 19 AI., == 8 
M:;; 19 ~ ;:: 50 AO == SO 
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TLAP DIMENSIONS WHICH REQUIRE CHANGE 

MAIN ROUTINE 

COMMON /TLPI/ 
IHTS ( . AB, A ), 

• BODER( D ), 
'SXN( E ), 

ILITE( A ), 
SETBK( D ), 

SXR( E ), 
ISPCI( F ), 

FID( AD), 
FIQ( AC), 

• FIHTS( F ), 
• FFIHTS( AB), 

FIDW( T ), 

COMMON /TLP2/ 
• HRLDL( A ), 

H2P(10,A ), 
SUMA(A A), 
CFMD( B ), 
CFMQ( C ), 
CFMW( D ), 

• SHADW(24, D ) 

COMMON /TLPI2A/, 

HI( A ), 
QUF( A ), 

Sm.1B( A ), 
ICALD( B ), 
ICALQ( C ), 
ICALW( D ), 

NIHTS( A ), WOF( A ) , 

SYNC E ), SYR( E ), 
ISPC2( F ) , 
FIDD( L ), FIDQ( P ), 
FIUF( AF) , 

H2( A ), 
SSHMAX( A ), 

SUMBP(IO,A), 
QSTORD( B ), 
QSTORQ( C ), 
QSTORC( D ), 

FIW( AG) 

H3( A ), 
STCMAX( A ), 

SUMC( A ), 
SHADD(24, B), 
SHADQ(24, C), 

QSTORR( D ), 

CFMEX( A ),CODINF( A ) , FLORA( A ) , HASSL( A ), HTNZ( A ), ' 
• ' IPICK( A ), IPLEN( A ), ISKIP( A ) , IWOE( A ), IWOL( A ) , 

IWOP( A ), MULT( A ) ~ ND(A ), NFOLK( A ), NQ( A }, 
NUF( A ), NW( A ) , PLITE( A ), PWEKW( A ), QEQ( A ) , 

· QEQLAT( A ), QIHTS( A ), RATRG( A ),RATRIS( A )~RATRPS( A ), 
RATRX( A ), RMRGC( A ), RMRG I ( A ), RMRISC( A ), RMRIS.l ( A ), 

· RMRPSC( A ),RMRPSI( A ), RMRXC( A ), RMRXI( A ), TROOM( A ), 
TSPAC( A ), VOLe A ), 

ID( AD; A ),IQ( AC, A ),IUF( AF, A ),IW( AG, A ) 

COMMON /TLPI2B/ 
ABD( B ), AD( B ),ClNFD( B ), IRF( B·), lSD( B ), 
NDD( B ), NVD( B ), NXD( B ), NYD( B ), ROGD( B ) , 
WAD( B ), WTD( B ), 
IDD( L, B ), QN(3, B ), QR(3, B ), SUMN( 3, B ), SUMR(3, B ), 
TD(100, B, 3),XVD( N, B ), YVD( N , B ),ZVD( N, B) 

COMMON /TPI2CI 
ABQ( C ), AQ( C ), CINFQ( C ), ISQ( C ), NDQ( C ), 
NVQ( C ), , NXQ( C ), NYQ( C ),QPERIM( C ), ROGQ( C ) , 

• UQ( C ), WAQ( C ), WTQ( C ), 
IDQ( P , C ), XVQ( R , C ), YVQ( R , C ), ZVQ( R , C ) 

COMMON /TLPI2D/ 
AW( D ), CINFW( D ), ' FFWG( D ), FFWS( D ),IGLASW( D ), 

NAW( D ), NDW( D ), NPW( D ), NVW( D ), NXW( D ) , 
NYW( D ), ROGW( D ), SRACO( D ) , WAW( D O,WPERIM( D ), 
WTW( D ), NVAW(3, D ), 

• XAW(4,3, D ), YAW(4,3, D ), ZAW(4,3, D ) , 
TLW( T , D ), XVW( V , D ); YVW( V , D ), ZVw( V , D ) 
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• 

COMMON /TLPI2E/ 
IR( E ), RATOS( E), RX(lOO, E ), 

NVSP( X), . PSP( X ), 
XSP( Y , X ), YSP( Y , X ), ZSP( Y , 

ILOOKD( AH),JLOOKD( AH),MLOOKD( AH), 
ILOOKQ( AI),JLOOKQ( AI),MLOOKQ( AI), 
ILOOKW( AJ),JLOOKW( AJ),MLOOKW( AJ) 

MATCON SUBROUTINE 

DIMENSION ISHADE( AO, AN) 

· SHADOW SUBROUTINE 

DIMENSION 

RY(lOO, E ), 

x ), 

• XVERTF ( I ), YVERTF ( I ), ZVERTF( I ), IDLETE ( K ), 
• ANGLE( AK), Xl( AK), YI( AK), ZI( AK) 
DIMENSION 

• NVERT( X), PERMS( AL),XVERTS( AM, AL),YVERTS( AM, AL), 
• ZVERTS( AM, AL) 

DIMENSION ISHADE( AO, AN) 
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SYSTEKS PROGRAM GLOSSARY 

A Number of spaces in building 

B Number of distinct delayed heat transfer surfaces in building 

C Number of distinct quick heat transfer surfaces in building 

D Number of distinct windows in building 

E Number of types of delayed heat transfer surfaces 

F Number of inside heat transfer surfaces in building 

H Number of underground floors in building 

AB Maximum number of inside heat transfer surfaces in a space 

AC Maximum number of quick heat transfer surfaces in a space 

AD Maximum number of delayed heat transfer surfaces in a space 

AF Maximum number of underground spaces in a space 

AG Maximum number of windows in a space 

BL Number of boilers 

CH Number of chillers 

ox Number of DX and heat pump units 

EG Number of engine/generator units 

FA Number of fan systems 

*FB Total number of fan systems 

PL Process loads 

CURRENT VALUES FOR ARRAY SIZES 

A == 35 B == 75 C == 25 
. D == 35 E == 26 F == 70 
H == 30 AB == 30 AC == 30 

AD == 30 AF == 30 AG == 30 
BL == 5 CH == 5 DX == 10 
EG = 5 FA == 15 FB == 17 
PL == 10 

* NOTE: Because the Systems Energy Simulation Program (SESP) loops by fan 
systems, a dummy fan system is used internally for plenums and un~ 
controlled zones. If more than 15 fan systems are to be simulated, 
changes to the program code are required. 
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SESP DIMENSIONS WHICH REQUIRE CHANGE 

<Xl1'O't ZCtE1 
ca1"Di 1Z(K11 OS( A) ,Q..( A) ,Q..lTE( A) ,5l..fIa.I( A) ,QSIJlFC A) 

,<J..IJIF( A),~( A),Lal1( A) , TSPC A) ,VQ..( A) 
, TQ:l ,10M ,~ ,DOA ,PATM 
, TCO , f<El..DG , t<1'R< , IZttD< , M5TRT 
, NMVS , I'END , It'R« 12) 

cxm:Ji nt'll 
~ 1f"~11 I<r~CF"A) ,JI'R)((rA) ,~(F"A) ,a:l'EXCF"FU , FlFR1(F"A) 

CCttOi ZCt£Z 

,~CF"A) ,~(rA) ,WSPCF"A) ,MW:CF"A) ,&oRACF"A) 
,mACF'A) ,~(F'A) ,f11:6$CF"A) ~F"I1l5R(F"A) ,Fl16X(F"A) 
, TrNPSCF"A) ,TrNPRCF"A) ,TFNPE(F"A) ,F"BHP$(F"A) ,raHPRCF'A) 
,FBfI(CF"A) ,DTnfS(F"A) ,D~CF"A) ,~CF"A) ,IV'v'RH(F"A) 
,ICZNCF"A) , ITl'FCCF"A,Z) ,tM"CCf"'U , W1INCF"A) , TaJ"C(F"A) 
, TCR:OCF'A) , TtIX1(F'A) , Tf'IXZCF"A) ,RlPA(F"A) , Jl.»Gf)(F"A) 
,R..OCCF"A) ,PMrACF"A) ,PERIM(F"A) ,1$ETCF"A,4) 
,IFSO(F"A) ,IVENT(F"A) 

CCt11li IZQ£2I (111( A) ,aMS( A) ,CftR( A) ,(11'0« A) ,~( A) 
,Zl'RSC A) ,mac A) ,ZJ1S« A) ,QSH A) ,1S( A) 
,WZ( A) ,AJ1R( A) ,CBTU( A) ,QClJf1( A) 
,QCPNMC A),IHONM( A) ,QHLNM( A) ,QHPNM( A),IHHNM( A) 
,IPLEN( A),rtLTC A) ,SfroiCf'B, A) , I 
,IR.. 

ca1'Qi Za£3 
C01'Oi /Za'£3I IPl..SC A) ,~( A) ,j,(f'N( A) 

,1F1)( A,3) 
, (JII,.J1.J ( A) 

,IVSC A) ,cnP( A) 
,,:n.MC A,3), IP5AC A), 
,K5PA(50) ,1SPA(50) 

CCttO'f ICM 
CXX1'Oi I ICM I 1"RX9D, ~, I'R(9F' , . r'R<9G, 

CCl1'O'I ID»P 

M1<S), CTlrl.cS), CTPl.1<S), DC1W,..(5), 
ClW.Z(S), ClPPP(S), CTPlZ(S), DCTPPCS) 

C01'Oi I ID»P I. ND»P, IJ»OoPC OX) , DCQ:P( [)X) , DCPQ.J(J),X) , 

ro1'DI ICH..US 

~c[)x), Ilf'aoI(OX), t(;P([)X), t+PcI)X), 
PYCQA([)X,S),PYCPO([)X,S),TREF"CC[)x,S),PYHOAC[)x,S), 
PVHPOC[)X,S),TRErHC[))(,S) 

ca1'DI I IOl.US I f"R(9A( on, I'R<9Bc on, . f'R(9C( on , T~l (Ot, S) , 
TO'l'e(Ot,S), c:af'(Qi,S), (PArR(GI,S), CPPl(Ot,S), 
CPPP(Ot,S) 
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SESP DIMENSIONS WHICH REQUIRE CHANGE 

0l1Ui ta..rus 
. ro1'Oi / Ia.RUS / ~, R(6,1l.), EPCT(6) 

CXX1m lrolL 
ro1'Oi / lrolL / NOOIL, 

~ 

IBYHB..), tU1B(B..), SZBCB..l, M3(B..), 
,J-M-(), . HDEl..P, ~ 

cx:mJi IOfIL 
anm / IOflL I tOUL, 

MUOU, . 
Fl1.11i, 

ICCPHQi), ttH:(Qi), S2C(OU, 
M2(Qi), . f"6(OU, M7(On, 

TLOt.., HOCl.P, HIXlfl 

CXX1Ui lEG 
ro11li I lEG I t£tG, 

HtIIF, 
,~,' 

IEG(P(EG), M4(EG), t'5(EG) , EGQ:PCEG), 
EFUEL(EG), EQBRK(EG)~ ErPCT(EG,S), EQPCT(EG,S) 
tR<7B, EG?CTCEG), (GfU)(EG) 

c:c:tf'OO IffiOC 
anm IlPROC I ~ , ~(PL), IFmi(fIl) , IPRSC(fIl) , 

PRSTf'P, PRSTMT 

CCX1'Oi s::HOI 
<XH1li ISCHDII NDTS, IVTSD(2e,24),VTSD1<20,24),VTSD2(2e,24) 

,tf&:H, STDSCl0,24), SCHDCl0,B,24) . 
,NWSC, ISTT(10,B) 

,It-OR, tifTS, IYZH A), IOO( A), IYTSN( 10, S), IYTSD( 10, S) 

TCRO(FlH,. TM-fHrB), TLO(FlU, 

CCX1'Oi RE£F 
<XH1li I ~ / ~, IRFLC2e), CWl(2e), Ft.RY(20,50) , 
~Fl.RZ(2e,50),FLRX(2e,se), TFl..Ri( A,S,3),~( A,3),8J<T( A,S), 
.InR«( A,S),D1.Rfr'( A,S),InAiZ( A,S),OCR( A),OSPC( A,3), 
.~(2e),IH"( A),D'vF( A);F1li«2e) . 

. CCX1'Oi MIS: 
ca1'Qi / MISC / EFF" ,~. 

',DIf' , IH) . 

, PWl!IL , 1fiI-P 
, c.mt1 ~ catf1 

, IHBf1 , O11IN( A) 

,I<FlCV 
,Cfl1EIi 
,IISRT 
,IHHI 
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SESP DIMENSIONS WHICH REQUIRE CHANGE . 

CXl'I'm VTMTA 
ca1'Q4 I VTMTA I AD( B), ~( C), M( H), AJ.I( H) 

,~( D), F'IHTS( n, Fl~( A), F1.F( H) 
,~( H), tD(A,AD), IHTS( A,AB), Ir1.LT< A) 
,tQ( A,Ae), IR(Z6), IAr( B), ISPCl( F) 
,ISPC2( n, 19l( C), IlF( A, H), IlJ4( A, H) 
,IW(A, D), Ne( A), HO( A), NDB 
,tf'N(13), tf"( A), . tA=', NIHT 
, NIHTS( A) ~ ttl( A), t«m, N5 
,tI.FB, tI.F( H), tum, HJ.l( H) 
,ttoI( A), H4B, RATOS<Z6), RX(26,lOO) 
,RY(Z6,lee)'f RZ(Z6,lee), ~(A), t,GH A) 
,UQ(25), wore A), lWOP( A), FOlK(l5,9,24) 

ca1'Oi VTTEl1' 
<:a1'm I VTTEJ1' I 91i( A), 5tC( A), 9.. T< A) 

,SHT( A), SIHTC( A) 
,ITMAT(Z, A,l6) , RANG(lS) 

ca1'ni V1:W 
CCttttf/~1 NSr\f'( A), ETE1'P( A,lee), SRf( A,lOO) 

CCttQt V1lR.. V 
tafl::tf / VTl-R. V I 9J14 ( A), 

, IITIrE, 
9J1S( A), JMV, IDT 
lPOSE, 1<.EASCt4, 1&.5 

, !TIrE, tSTRT, 100 

ca1'Oi r1UtmI 
<:a1'm I f1Utml I IHSRT , IP9J1 , 19-IEtf , 19-Ri 

,9J9:N ,5D<Oi , DCN1 , IU11Yl , JXJ11Y2 
, IU11V , ZERO 
,NMDAY(7),NOOD£(11),MONTH(l2) 
,SX1tt( A), I9-CH( A), 9)fl1( A), 19+ti( A) 
,Q(C(F'B), Q<H(Fa), <J<:J(WCFB), PIoU«FB) 
, H2C»< (F"B ) , TI<H.. (Fa) , Tl<CD (Fa ) 
, I)X()fIC(OX), ~(OX) 
,RHQC(6), RHQH(6), RHOCHP(6,OX),RHQHHP(6,DX) 
,TEMP3(S) ,TEMP4(S) 
,tRl.G(OX), IoflHTG(OX), D>R-«X(OX), ~CDX) 
,lABOX(Z), SUBLAB(22) 
,HU)S( A), HUl..( A), Qltf"S( A) 
, TPKGAS( 12), TPKOIL< la) 
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APPENDU B 

NEW INPUT FILE 

FORMATS 

FOR. 

CODED FILES 

This appendix shows program input instructions with only a minimum of 

data. It's use should be considered after the user has a good understanding 

of the program and input requirements as described in the NECAP Input Manual. 

The NECAP input file is a free formatted file. Each card consists of two 

parts. The first part is the label which is terminated with an equal sign. 

The second part is the variable list, where the variables are separated with 

commas or blanks. The entire card is terminated with a semi-colon. 

Also included in this appendix are the coded files produced by the NECAP 

Input Processing Program (NIPP). These files are used by NIPP for data 

checking, and by the Thermal Loads Analysis Program (TLAP), and the Systems 

Energy Simulation Program (SESP). The building data and systems data are on 

coded files so that they can be viewed from prin~out, or can be viewed or 

modified from an interactive terminal. 
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0:
I 

N 

CARD 

L1 

L2 

L3 

1 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

NECAP INPUT FILE 

VARIABLE NUMBER AND DESCRIPTION UNITS 

Program Header -
Building Azimuth Angle degrees(from 

north) 
Job Processing Code -
Estimated Total Fan Pressure inches of water 
Zone Cold Air Supply Temperature of 
Zone Hot Air Supply Temperature of 
Ventilation Air Rqte CFM/FT2 
Latitude degrees 
Longitude degrees 
Time Zone Number -
Clearness Number for Summer -
Clearness Number for Winter -
Starting Month Months 
Starting Day Days 
Ending Month Month 
Ending Day Day 
Special Days 
Altitude Above Sea Level gt. 

-Summer Maximum Dry-Bulb Temperature of 
Summer Daily Dry-Bulb Temperature Range of 
Summer-Dew Point Temperature F 
Summer Windspeed MgH 
Winter Minimum Dry-Bulb Temperature of 
Winter Daily Dry-Bulb Temperature Range - of 
Winter Dew Point Temperature F 
Winter Windspeed MPH 

LIMITS -DEFAULTS 

See Form See Form 

O. to 360 0.0 

1 to 3 
O. to 15. 2.0 

400 to 70. 52.0 
BO. to 200. 120.0 
0.0 to 10.0 0.1 

:-90. to 90. wt 
O. to 360. wt 
4 to 8 wt 

0.90 to 1.15 wt 
0.B4 to 1. 05 wt 

1 to 12 1 
- 1 to 31 1 

1 to 12 12 
1 to 31 31 
0 to 365 0 
O. to 10,000. wt 

50. to 150. wt 
O. to 30 I wt 

30. to 90. wt 
O. to 25 wt 

-50. to 75 wt 
O. to 30 wt 

-50. to 75. wt 
O. to 25. wt 



\:p. 

I 
w 

CAn 0 

L4 

L5 

L6 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
· · 7 
8 
9 

1 
2 
3 
4 · • 
23 
24 

NECAP INPUT FILE 

VARIABLE NUMBER AND DESCRIPTION 

Starting Month and Day of Printout No. 1 

Ending Month and Day of Printout No. 1 

Starting Month and Day of Printout No. 2 

Ending Month and Day of Printout No.2 

Starting Month and Day of Printout No. 3 

Ending Month and Day of Printout No. ., 
oJ 

Sunday Schedule Code . . . . . . 
Saturday Schedule Code 
Holiday Schedule Code 

'Special Holiday Schedule Code 

Fraction of load for 12 midnight to 1 AM 
Fraction of load for 1 AM to 2 AM 
Fraction of load for 2 AM to 3 AM 

' Fracti on of load for 3 AM to 4' AM 
• • ' . 
• • • 

Fracti on of load for 10 PM to 11 PM 
Fracti on of load for 11 PM to 12 Midnight 

UNITS LIMITS DEFAULTS 

- 1 to 12 0 
- 1 to 31 0 
- 1 to 12 0 
- 1 to 31 0 
- 1 to 12 P 
- 1 to 31 0 
- 1 to 12 a 
- 1 to 31 0 
- 1 to 12 a 
- 1 to 31 a 
- 1 to 12 a 
- 1 to 31 a 

- 1 to 20 1 . . ,. ., 
- . . . • 
- 1 to 20 1 
- 1 to 20 1 
- 1 to 20 1 

decimal 0.0 to 1.0 0.0 
II II 11 

II II II 

II II II . . • . • • 
II II 1\ 

1\ II N 



CARD 

L7 

LTI 

La 

L9 

1 
2 
3 
4 
5 
6 
1 
a 
9 

1 
2 
3 
4 
5 
6 
7 
8 
• • 
48 
49 
50 

1 
2 
• • 
16 

1 
2 
3 
4 
5 
6 

NECAP INPUT FILE 

VARIABLE NUMBER AND DESCRIPTION 

Form Description Code 
Surface Tr~nsmittance 
Lower lefthand vertex X-coordinate value 
Lower lefthand vertex V-coordinate value 
Lower lefthand vertex Z-coordinate value. 
Height·(vertical dimension) of surface 
Width (horizontal dimension) of surface 
Azimuth angle of surface 
Surface tilt angle 

Form Description Code 
Surface Transmittance 
x,y,and z - coordinate values for vertex no. 1 

x,y,and z - coordinat~ values for vertex no. 2 

• • 
. 
• • 

x,y, and z - coordinate values for vertex no. 16 
(i f necessary) 

Standard Surface Code no. 1 
Standard Surface code no. 2 

• • • • 
Standard Surface code no. 16 (if necessary) 

Material Thickness 
Material Thermal Conductivity 
Ma teri a 1 Dens ity 
Material Specific Heat Capacity 
Material Thermal Resistivity 
Material Name 

UNITS 

FT. 
FT. 
FT. 
FT. 
FT. 

degrees 
degrees 

FT. 
FT. 
FT. 
FT. 
FT. 
FT. 
• • 

FT. 
fT. 
FT. 

• 

FT. 2 ° 
Btu/hr-~t - F 

Lb/ft ° 
Btu/~b- F 

Hr-ft _OF/Btu 

LIMITS 

o or 1 
0.0 to 1.0 

O. to 360. 
O. to 180. 

{) or 1 
0.0 to 1'.0 

1 to 16 
1 to 16 

• 
• 

1 to 16 

30 characters 

DEFAULTS 

o 
0.0 
0.0 
0.0 
0.0 
1.0 
1.0 

180.0 
90.0 

a 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

• • 
0.0 
0.0 
0.0 

1 
2 
• • 

16 

0.0 
0.0 
0.0 
0.0 
0.0 

(Blank) 



CARD 

LlO 1 
2 
• • 
10 

Lll 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

III 13 
~ 14 

15 
16 
17 
! 

1111 1 
2 
3 
4 
5 
6 
7 
8 
9 
H) 
11 
12 
13 
14 
15 
• .. 

VARIABLE NUMBER AND DESCRIPTION 

Mater; a 1 Index 1 
Material Index 2 .. . 

• • 

NECAP INPUT FILE 

Material Index 10 (if necessary) 

Similar Surface Index 
Response Factor Surface Code 
Surface Exterior Absorptivity 
Reflectivity of Ground Facing Surface 
Surface Roughness Index 
Infiltration Flow Coefficient 
Number of X-Divisions in Surface 
Number of V-Divisions in Surface 
Number of Vertices 
Surface Azimuth Angle 
Surface Tilt An91e 
Surface Height (Vertical Dimension) 
Surface Width (Horizontal Dimension) 
tower lefthand Vertex X-Coordinate Value 
lower 1efthand Vertex V-Coordinate Value 
tower lefthand Vertex Z-Coordinate Value 
Index of A<lded Shading Surface 1 

~ . . .. .. .. 
S1mi 1 ar Surface Index 
Response factor Surface Code 
Surface Exterlor Absorpti vi ty 
Reflectivity of Ground Facing Surface 
Surface Roughness Index 
Infiltration flow Coefficient 
Number of X-Divisions in Surface 
Number of V-Divisions in Surface 
'Number of Verti ces 
X, Y, and Z-Coordi nates of Vertex No. 1 

x, Y, and Z-Coordinates of Vertex No.2 

Index of Added Shadinq Surface 1 . . .- . 

UNITS 

.. 

degrees 
degrees 
ft. 
ft. 
ft. 
ft. 
ft. 

ft. 
ft. 
ft. 
ft. 
ft. 
ft. 

UNITS 

1 to 30 
1 to 30 

• 
1 to 30 

0.0 to 1.0 
0.0 to 1.0 
] to 6 

1 to 50 . 
1 to 50 
o to 1Q 
O. to 360. 
O. to 180. 

0.0 to 1.0 
0.0 to 1.0 
1 to 6 

1 to 50 
1 to 50. 
o to 10 

DEFAULTS 

o 
o 
• 
• o 
o 
o 
0.75 
0.20 
2 
0.0 
1 
1 
1 

180 .. (J 
90.0 

1.0 
1.0 
0.0 
0.0 
0.0 
o 
o 
o 
0.75 
0.20 
2 
O~O 

1 
1 
1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o 



NECAP INPUT FILE 

CARD VARIABLE NUMBER AND DESCRIPTION UNITS LIMITS DEFAU.LTS 

Ll2 1 Similar Surface Index - 2 0 - 0 
2 Heat Transfer Coefficient Btu/hr-ft - F - 0.0 
3 Surface Exterior Absorptivity - 0.0 to 1.0 0.75 
4 Reflectivity of Ground FaciDg Surface - O~O to 1.0 0.20 
5 Surface Roughness Index - 1 to 6 2 
6 Infiltration Flow Coefficient - - 0.0 
7 Number of X-Divisions in Surface - 1 to 50 1 
8 Numver of V~Divisions in Surface - 1 to 50 ,1 
9 Number of Vertices - o to 10 1 
10 Surface Azimuth Anq1e degrees O. to 360. 180.0 
11 Surface Tilt Anr1e degrees O. to 180. 90. 
12 Surface Height Vertical Dimension) ft. "- 1.0 , 

, 13 Surface Width (Horizontal Dimension) ft. - 1.0 
14 Lower 1efthand Vertex X-Coordinate value ft. - 0.0 
15 Lower 1efthand Vertex V-Coordinate value ft. - 0.0 
16 Lower lefthand Vertex Z-Coordinate value ft. - 0.0 .' 

17 Index of Added Shading Surface 1 - - 0 · • • • • • • • 
L12' 1 Similar Surface Index - 2 0 - 0 

2 Beat Transfer Coefficient Btu/hr-ft - F - 0.0 
3 Surface Exterior Absorptivity - 0.0 to 1.0 0.75 

'4 Reflectivity of Ground Facing Surface - 0.0 to 1.0 0.20 
5 Surface Roughness Index - 1 to 6 2 
6 Infiltration Flow Coefficient - - 0.0 
7 Number of X-Divisions in Surface - 1 to 50 1 
8 Number of V-Divisions in Surface - 1 to 50 1 
9 Number of Vertices - o to 10 1 
10 X, Y, and Z-Coordinates of Vertex No. 1 ft. - 0.0 
11 ft. - 0.0 
12 ft. - 0.0 
13 X, Y, and Z-Coordinates of Vertex No. 2 ft. - 0.0 

-14 ft. - 0.0 
15 ft. - 0.0 
• 
• X, V, and Z-Coordinates of the last • vertex ft. - 0.0 
• 
• Index of Added Shading Surface 1 0 • - -. . .' • • • • 
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CARD 

L13 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
. . 

NECAP INPUT FILE· 

VARIABLE NUMBER A~D DESCRIPTION 

Similar Surface Index 
ASH RAE Shading Coefficient 
Form Factor between Window and Sky 
Form Factor between Window and Ground 
Reflectivity of Ground Facing'Surface 
I~indow Setback 
Wi ndow Border 
Infiltration Flow Coefficient 
Number of X-Divisions in Surface 
~umber of V-Divisions in Surface 
~umber of Panes of Glass 
Glass Code 
Number of Vertices 
Surface Azimuth Angle 
Surface Tilt Angle 
Surface Height (Vertical Dimension) 
Surface Width (Horizontal Dimension) 
Lower lefthand vertex X-Coordinate value 
Lower lefthand vertex V-Coordinate value 
Lower lefthand vertex Z-Coordinate value 
Index of Added Shading Surface 1 . . . . . . 

UNITS LIMITS DEFAULTS 

- - 0 
- 1. to 1. 1.0 
- o. to 1. 0.5 
- o. to 1. 0.5 
- 0.0 to 1. 0 0.20 
ft. - 0.0 
ft. - 0.0 
- - 0.0 
- 1 to 60 1 
- 1 to 60 1 
- 1 or 2 1 
- 1 to d 1 
- 0 to 10 1 

degrees O. to 360. 180.0 
degrees O. to 180 90. 

ft. - 1.0 
ft. - 1.0 
ft. - 0.0 
ft. - 0.0 
ft. - 0.0 
- - 0 



NECAP INPUT FILE 

CARD VARIABLE NUNBER AND DESCRIPTION UNITS LIMITS DEFAULTS 

L13' 1 Similar Surface Index - - 0 
2 ASHRAE Shading Coefficient - 1 to 8 1 
3 Form Factor between Window and Sky - O. to l. 0.5 
4 Form Factor between Window and Ground - O. to 1. 0.5 
5 Reflectivity of Ground Facing Surface - 0.0 to 1.0 0.20 
6 Window Setback ft. - 0.0 
7 Wi ndow Border ft. - - 0.0 
8 Infiltration Flow Coefficient . - - - 0.0 
9 Number-of X-Divisions in Surface - 1 to 50 1 

10 Number of V-Divisions in Surface - 1 to 50 1 
11 Number of Panes of Glass - 1 to 2 1 
12 Glass Code - 1 to 8 1 
13 Number of Vertices - 0 to 10 1 
14 X, Y, and Z-Coordinates of Vertex No. 1 ft. - 0.0 
15 ft. - 0.0 
16 ft. - 0.0 
17 X, Y, and Z-Coordinates of Vertex No. 2 ft. - 0.0 

b:1 18 ft. 0.0 I -
ex> 19 ft. - 0.0 

· · ! X, Y, and Z-Coordinates of the last vertex ft. - 0.0 · · Index o! Added S~ading Surf~ce 1 0 · - -· 
114 1 Surface Number - - 0 

2 Picture Month - 1 to 12 1 
3 First Picture Hour - 1 to 24 1 
4 Last Picture Hour - 1 to 23 see manual 

L15 1 Surface Area fiL - 0.0 
2 Heat Transfer Coefficient BTU/hr-ft _oF - 0.0 
3 Zone Index 1 - - 1 
4 Zone Index 2 - - 2 

116 1 Ground Temperature for first month of analysis of - wt 
2 Ground Temperature for second month of analysis of - wt 
· . . . · . . . 

of · Ground Temperature for last month of analysis - wt · 



NECAP INPUT FILE 

CARD VARIABLE NUMBER AND DESCRIPTION UNITS LIMITS DEFAULTS 

Ll7 1 Similar Space Number 
ft2 

- a 
2 Space floor Area - 0.0 
3 Space Volume ft3 - Area * 10 
4 Weight of Floor in Space lb/ft2 - 60.0 
5 Space Temperature of - 72.0 
6 Maximum Number of People - - 0.0 
7 People-Activity Level Btu/hr - 450.0 
8 People Schedule Index - - 1 
9 Type of light Fixture - - 1 
10 Percent of Light Heat to Space decimal 2 0.0 to 1.0 . 1.0 
11 lighting Load Catagory No. 1 watts/ft - 0.0 
12 lighting Load Catagory No.2 KW - 0.0 
13 lighting Schedule Index - 2 - 1 
14 Equipment Load Catagory No. 1 watts/ft - 0.0 
15 Equipment load Catagory No. 2 KW - 0.0 
16 Equipment load Catagory No. 3 (Sensible loads) Btu/hr - 0.0 
17 Equipment load Catagqry No. 4 (latent loads) Btu/hr - 0.0 
18 Equipment Schedule Index - - 1 
19 Type of Infiltration Analysis - o to 2 0 
2D Infiltration Rate no. of air changes O. to 10. 0.0 

per hour 
21 Height Above Qr Below Neutral Zone ft. - 0.0 
22 Space Exhaust Air Quantity CFM - O~O 

23 Number of Additional Identical Spaces - - 0 
24 Plenum Indicator - o or 1 0 
25 Load Summation Index - o or 1 0 

• Ll8 1 Surface Index No. 1 - - 0 
2 Surface Index No. 2 - - 0 
• • • • • • 
30 Surface Index No. 30 (if necessary) - - 0 
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Sl 

S2 

53 

54 

55 

1 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 · · 
1 
2 
3 
4 
5 
6 · • 
70 
71 
72 

1 
2 
• .. 
24 

NECAP INPUT FILE 

VARIABLE NUMBER AND DESCRIPTION 

Program Header 

Simulation Period Beginning Month 
Simulation Period Beginning Day 
Simulation Period Ending Month 
Simulation Period Endin9 Day 
Output Data File Option Flag 

Beginning Month and Day of print Period No. 1 

Ending Month and Day of print Period No. 1 

Print Flag 1 for print Period No. 1 
Print Flag 2 for print Period No. 1 
Beginning Month and Day of print Period No. 2 . · • . · • .. · • 
Type of Thermostat for Hour 1 . 
High Limit of Throttling Range for Hour 1 
Low L imi t of Throttl i ng Range for Hour 1 
Type of Thermostat for Hour 2 
High and Low Limits of Throttling Range for Hour 2 

• · · • • · • • · Type of Thermostat for Hour 24 
High and Low Limits of Throttling Range fo.r Hour 24 

Fraction of Total at Hour 1 
Fraction of Total at Hour 2 

• . . 
• . . 

Fraction of Total at Hour 24 

; 

UNITS LIMITS DEFAULTS 

- see manual see manual 1 

- 1 to 12 1 
- 1 to 31 1 
- 1 to 12 12 
- 1 to 31 31 
- a or 1 a 

- 1 to 12 a 
- 1 to 31 1 
- 1 to 12 a 
- 1 to 31 1 
- a or 1 a 
- a or 1 0 
- 1 to 12 a 
- 1 to 31 0 

- 0, 1. or 2 a 
OF - 0.0 
OF - 0.0 
- 0, 1. or 2 a 

OF - 0.0 
OF - 0.0 

OF 
0, 1, or 2 a 

- 0.0 
OF - 0.0 

decimal 0.0 to 1.0 0.0 
decimal 0.0 to 1.0 0.0 

decimal 0.0 to 1.0 0.0 
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CARD 

S6 

S7 

S8 

S9 

SlO 

1 
2 
3 
• · 8 
9 

1 
2 
3 
4 
5 
6 · · 13 
14 
15 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 

1 
2 · · 10 

NECAP INPUT FILE 

VARIABLE NUMBER AND DESCRIPTION 

Weekly Schedule Type Index 
Schedul e Code for Sunday 
Schedule Code for Monday . . . . 
Schedule Code for Saturday 
Schedule Code for Holiday 

Yearly Period 1, Starting Month and Day 

Yearly Period ,~ Weekly Schedule Code 
Yearly Period 2, Starting Month and Day 

Yearly Period 2, Weekly Schedule Code 
• . . . • . 

Yearly i'eri{)d 5, Starting Month and Day 

Yearly Period 5, Weekly Schedule Code 

Low Outside Air Temperature 
High Outside Air Temperature 
Low System Fluid Temperature 
High System Fluid Temperature 
Reset Schedule Label 

Material Thi cknes.s 
Material Thermal Conductivity 
Materi al Density 
Material Specific Heat Capacity 
Material Thermal Resistivity 
Material flame 

Material Index 1 
Material Index 2 . • . • 
Material Index 10 ( i f necessary) 

UNITS LIMlfS DEFAULTS 

- o or 1 see manual 
- - 1 
- - 1 

- - 1 
- - 1 

- 1 to 12 1 
- 1 to 31 1 
- 1 to 10 1 
- 1 to 12 12 
- 1 to 31 31 
- 1 to 10 0 

- 1 to 12 12 
- 1 to 31 31 
- 1 to 10 0 

of - 0.0 
of - 0.0 
of - 0.0 
of - 0.0 
- 30 cha racters (Blank) 

ft 2 ° - 0.0 
Btu/hr-fj - F - 0.0 

lb/ft - 0.0" 
BtU/~b-oF - 0.0 

Hr-ft _oF/Btu - 0.0 
- 30 characters (Blank) 

- 1 to 30 0 
- 1 to 30 0 

- 1 to 30 0 
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NECAP INPUT FILE 

CARD VARIABLE NUMBER AND DESCRITPION 

S11 1 Type of Fan Distribution System 
2 Number of Zones on System 
3 System Relative Humidity Setpoint 
4 Fixed or Minimum Outside Air 
5 Mixed Air Option 
6 Variable Volume Fan Control Option 
7 Hot Deck/AHU Discharge Temperature Control 
8 Cold Deck Temperature Control 
9 Supply Fan Total Pressure 
10 Return Fan Total Pressure 
11 Exhaust Fan Total Pressure 
12 VAV Reheat Coil Option 
13 Minimum Air Flow Through VAV Box 
14 Fixed Hot Deck/AHU Discharge Temperature 
15 Fixed Cold Deck Temperature 
16 Reset Schedule Index .1 
17 Reset Schedule Index 2 
18 Reset Schedule Index 3 
19 Reset Schedule Index 4 
20 Ratio of Induced to Primary Air 
21 Two-Pi~e System Changeover Temperature 
22 Floor anel Heating System Hot Water 

·Shutoff Temperature 

23 Two-Pipe System Water Volume 
24 Location of Floor Heating Panel 
25 Floor Heating Panel Area 
26 Exposed Perimeter of Floor 
27 Fan System Shut-Off Flag 
28 Ventilation Schedule Index 
29 Humidistat Location 
30 DX/Heat Pump Index 

* See Next Page 

UNITS 

-
-

% RH 
SCFM 

-
-
-
-

inches of H2O 
inches of H2O 
inches of H2O 

-
psrcent 
of 
F 
-
-
-
-
-

of 
of 

gals 

f~2 
ft 
-
-
-
-

LIMITS DEFAULTS 

1 to 13 1 
- 1 
- 10. 
- O. 

1 to 3 1 
1 to 3 2 
1 to 3, 6 1 
1 to 3, 6 1 

- * 
- * 
- * o or 1 a 

O. to 100. 10. 
- * - 55. 

a to 10 a 
a to 10 0 
0 to 10 a 
0 to 10 0 

- 1.0 
- 50. 
- 50. 

- 0.0 
1 or 2 1 

- 0.0 
- 0.0 

a to 2 a 
0 to 10 a 

- 1 
0 to 6 a 



NECAP INPUT FILE 

r.rAJUABLE NUMBER I 1 2 3 4 5 6 7 8 .g 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2129 ]0 

• ~INGLE ZONE N/DMPElS 1 1 10 0 1 1 1 3 0 .5 

MULTI-ZONE 2 1 10 0 1· 1· 1 3 0 .5 

PUAL DUCT 3 1 10 0 1 5 0 .5 

/sINGLE ZONE N/REHEAT 4 1 10 0 1 2 3 0 .5 

.5 

PHIl VENTILATOR 5 1 0 1.5 
~----------~--+-~-+~~~4-~~--~+-~ 
~IT HE,\TER 6 1 1 

FLOOR PMEL HEhTING 7 1 

~o PIPE ,.MCOIL 8 1 o 1 .5 

100UR PIPE FMCOIL ,1 o 1 .5 

55 0 

lle 55 0 0 0 

III 5S 0 0 0 

55 

x 

o 0 

o 

x X X X 

201 0 

201 0 

2 0 1 0 

2' 0 1 0 

2 0 o 

2 0 o 

50 100 2 0 

2 0 

Two PIPE INDUCTION 10 1 10 0 1 5 0 .5 o o 0 Z so 100 2 a 1 0 

~OUR PIPE INDUCTION 11 ·1 10 0 1 5 0 .5 55 

~AlUABLE YOLUMl! 1211001 2 5 0 .5 1 40 55 

~STMT VOLUME REHEAT 13 1 10 0 1 1 3 0 .5 

~, .) 511 Card default. to. this fan sy.tem 

1) Humber. in ehart are default values except field 1 
2) Blank .pace. do not require a value 

l)Sp~ce. that have a zero are opt..lonal input 
.41 Space. that have an 'x' are required input 

55 

o 2 201 o 

o 201 o 

o 2 0 1 0 



NECAP INPUT FILE 

CARD VARIABLE NUMBER AND DESCRIPTION UNITS LIMITS DEFAULTS 

S12 1 Fan System Number - 1 to 15 1 
2 Load Program Space Number - 1 to 35 1 
3 Plenum Indicator - 0 or 1 0 
4 Supply Air Quantity CFM - * 
5 Exhaust Air Quantity CFM - O.r 
6 Baseboard Output Btu/hr/l i near ft. - 0.0 
7 Baseboard Radiation Active Length ft - 0.0 
8 Yearly Thermostat Schedule - 0 to 10 0 
9 Design Heating Capacity Btu/hr - * 
10 Design Cooling Capacity Btu/h2 - * 
11 Weight of Furnishings lb/ft - 10.0 
12 Zone Multiplier - - 1 
13 Load Program Plenum Space Number - - O. 
14 Internal Component Type 1 - 1 to 3 a 
15 Response Factor Index of Component 1 

ft2 
1 to 10 a 

16 Area of Component 1 - 0.0 
17 Internal Component Type 2 - 1 to 3 0 
18 Response Factor Index of Component 2 

ft2 
1 to 10 0 

19 Area of Component 2 - 0.0 
20 Internal Component 3 - 1 to 3 a 
21 Response Factor Index of Component 3 

ft2 
1 to 10 a 

22 Area of Component 3 - 0.0 
23 Zone Name - 30 characters (Blank) 

S12' 1 Fan System Number - 1 to 15 1 
2 Load Program Space" Number - 1 to 35 1 
3 Plenum Indicator - a or 1 0 
4 Space Number Below Plenum - - 1 
5 Pl enum Ai rflow CFM - 0.0 
6 Weekday Fan Schedule - Hour On - a to 24 1 
7 Weekday Fan Schedule - Hour Off - a to 24 24 
8 Weekend Fan Schedule - Hour On - a to 24 1 
9 Weekend Fan Schedule - Hour Off - a to 24 24 

1 10 Plenum Name - 30 characters (Blank) 

* Program will size at execution 



NECAP INPUT FILE 

CARD VARIABLE NUMBER AND DESCRIPTION UNITS LIMITS DEFAUL T 
-

513 1 Quantity of This Type of E/G Sets - - 2 
2 Type of E/G Set - 0 to 2 0 
3 Capacity of E/G Set - - 500 
4 Heating Value of Diesel Fuel Btu/gal - 140,000 
5 Full Load Fuel Consumption gal/hr or ft3/hr - 0.0 
6 Percent Fuel Consumption at Idle percent - 0.0 
7 Percent Fuel Consumption at 25% Load percent - 0.0 
8 11 II II II 50% Load percent 0.0 -
9 II II II II 75% Load percent 0.0 -
10 II II II 

11 100% Load percent 0.0 -
11 Heat Recoverable at 100% Load 1000 Btu/hr - 0.0 
12 Percent Heat Recovery at Idle percent - 0.0 
13 Percent Heat Recovery at 25% Load percent - 0.0 
14 II II II II 50% Load percent 0.0 -
15 II Jl II 11 75% Load percent 0.0 -
16 \I \I II 

II 100% load percent 0.0 td -
I 
I-' 
U1 S14 1 Qu~ntity of This Type of Boiler 1 - -

2 Capacity of Boiler 100 Btu/hr - * 
3 Month and Day of Start-up - 1 to 12 1 
4 - 1 to 31 1 
5 Month and Day of Shut-Down - 1 to 12 12 
6 - 1 to 31 31 
7 Source of Heating Energy - 1 to 4 3 
8 Source of Reheat Coil Energy - 0 or 4 0 
9 Heating Value of Heating Oil Btu/ga 1 - . 150,000 
10 Boiler Part Load Performance @ 0% Load percent - 80.0 
11 II \I II II @ 20% load percent 80.0 -
12 II II II II @ 4070 Load percent 80.0 -
13 II II 1I II @ 60% load percent 80.0 -
14 II II II II @ 80% Load percent 80.0 -
15 II II II II @ 100% Load percent 80.0 -

* Program will size at execution 
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. 

NECAP INPUT FILE 

VARIABLE NUMBER AND DESCRIPTION 

1 Type of Chi 11 er 
2 Quantity of This Type of Chiller 
3 Capacity of Chiller 
4 Month and Day of Chiller Start-Up 
5 I 

6 'l-'onth and Day of Chiller Shut-Down 
7 
8 Source of Chiller Energy 
9 Minimum Part Load Cut-Off 
10 Chilled Water Setpoint Temperature 
11 Chiller Rating 
lZ Number of Chiller Capacity vs. Condenser Water 
13 Chiller Capacity Point 1 
14 Leaving Condenser Water Temperature for Capacity Point 1 
15 Chiller Capacity Point 2 
16 Leaving Condenser Water Temperature for Capacity Point 2 
• • • · • • • · 
• Chiller Capacity Point 5 
• Leaving Condenser Water Temperature for Capacity Point 5 
• Number of Chiller Power vs. Condenser Water Temperature 

Data Po; nts 
Chiller Power Point 1 
Leaving Condenser Water Temperature for Power Point 1 

• • • 
• • • 

Chiller Power Point 5 
Leaving Condenser Water Temperature Power Point 5 
Number of % Chiller Power vs % Peak Load Data Points 
% Chiller Peak Power Point 1 
% Chiller Peak Load Point 1 

• • 
• • 

% Chi l1er Peak Power Point 5 
% Chiller Peak Load Point 5 

~ Program will determine at execution 
** See chart 

UNITS LIMTIS DEFAULT 

- 0 to 5 1 
- - 1 

tons· - * 
- 1 to 12 1 
- 1 to 31 1 
- 1 to 12 12 
- 1 to 31 31 
- 1 to 4 1* 

P8rcent 10. to 100. 10. 
F 32. to 50. 45. 

K\~/TON or Lb I >0 * 
- o to 5 a 

tgns - ** 
F - ** 

t8ns - ** 
F - ** 

** 
tgns ** - ** F -

0 5 ** - to 
** 

KW or a 1b or steam - ** 
F - ** 

** 
KW orolb of steam - ** 

F - ** 
- a to 5 0 
- - ** 
- - ** 

** 
- - ** 
- - ** 



NECAP INPUT FILE 
, 

CHILLER DEFAULTED OPERATING CURVES 

t! ~ ~ 
~ I CAPACITY VERSUS ~ I PEAK POWER VERSUS ~ S PEAK P~ER VERSUS 
~ LEAVING COHD£HS£R WATER TEMPERATURE ~ LEAVING CONDENSER WATER TEMPERATURE il SPEAK LMj) 

Wlll[l ~ 

q; 

lYPE ~ ~ 

1 Z 1 4 5 1 2 1 4 5 1 2 1 4 5 

UtlPaOUTlHG , \00 is 100 !IS 100 17 100 100 20 130 5 90 65 100 95 \04 U 10'9 100 120 105 5 35 10 45 40 90 90 100 too 120 ltO 

HiRXOIC 
ClIIUlfuCAL , 100 is 100 is 100 t7 100 100 10 120 5 91 65 100 95 104, 97 109 100 120 105 5 25 10 40 40 89 90 100 100 110 105 

OPEN 
C£JtlRIfUCAL , 100 is 100 U 100 95 100 100 10 110 5 25 65 42 90 12 95 100 100 100 110 5 25 10 4Z 40 7Z 70 100 100 120 110 

I 
STEAIt I MSQRPTIOM I IOZ n 58 ill 82 i8 Ii 101 l5 10J 5 100 U t7 ?O 85 98 80 101 52 101 5 14 10 U 40 U 10 100 100 110 US 

i 

STEAK I 
IURalNE I 100 65 100 90 100 95 100 100 10 110 5 60 &5 118 90 94 95 100 100 100 110 5 50 10 62 '40 87 10 100 100 110 liD i 

I 
I 
I 
i 
i 
l 
i 
I 

I 
I 
I 
I 

I 
j 



CARD 

516 1 
2 
3 
4 

5 
6 
• 
• 
• 
• 

NECAP INPUT FILE 

VARIABLE NUMBER AND DESCRIPTION 

Cooling Tower Water Low Limit Temperature 
Condenser Water Temperature Rise 
Cooling Tower Peak Power 
Number of Leaving Tower Water Temperature vs. Ambient 
Wet-bulb Temperature at 100% Load Data Points 
Leaving Tower Water Temperature Point 1 
Ambient Wet-bulb Point 1 

• 
• • 

Leaving Tower Water Temperature Point 5 
Ambient Wet-bulb Point 5 
Number of ~ Leaving Tower Water Temperature vs. % Peak 
Load Data Points 
Change in Leaving Tower Water Temperature for Part 
Load lA 
Part Load lA 

• • 
• • 

Change in Leaving Tower Water Temperature for Part 
load 5A 
Part Load 5A 
Number of Cooling Tower % Peak Power vs. Leaving 
Tower Water Temperature at 100% Load Data Points 
Cooling Tower % Peak Power Point 1 
Leaving Tower Water Temperature Point 1 . . . . '.. 
Cooling Tower % Peak Power Point 5 
Leaving Tower Water Temperature Point 5 
Number of ~ Tower % Peak Power vs. % Peak Load Data 
Points 
Change in Tower % Peak Power for Part Load lB 
Part Load lB 

• • • • 
Change in Tower % Peak Power for Part Load 58 
Part Load 58 

* Program will size 

UNITS 

percent 

of 

percent 

p§rcent 
F 

percent 
percent 

percent 
percent 

LIMITS 

75. to 90. 
5. to 20. 

o to 5 

o to 5 

o to 5 

o to 5 

DEFAULTS 

75. 
. 10. 

* o 
0.0 
0.0 

0.0 
0.0 

o 
0.0 

0.0 

0.0 

0.0 
o 

0.0 
0.0 

0.0 
0.0 
o 

0.0 
0.0 

0.0 
0.0 
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NECAP INPUT FILE 

CARD VARIABLE NUMBER AND DESCRIPTION 

S17 1 Des i gn Cool i ng Capacity 
2 Des i gn Coo 1 i og Power 
3 Number of Cooling Performance Data Points 
4 Ambient Dry-bulb Temperature at Point lA 
5 % of Design Cooling Capacity at Ambient Temperature 
6 % of DeSign Cooling Power at Ambient Temperature lA 
0 • 0 0 

0 • • • 
• Ambient Dry-bulb Temperature at Point 5A 
• % of Design Cooling Capacity at Ambient Temperature 
0 

% of DeSign Cooling Power at Ambient Temperature SA 
Design Heating Capacity 
Design Heating Power 
Number of Heating Performance Data Points 
Ambient Dry-bulb Temperature at Point lB 
% of DeSign Heating Capacity at Ambient Temperature 
% of Design Heating Power at Ambient Temperature 1B 
- . ... 0 0 

• 0 0 

Ambient Dry-bulb Temperature at Point 58 
% of DeSign Heating Capacity at Ambient Temperature 
% of Desion Heating Power at Ambient Temperature 5B 

S18 1 Boiler Pump Head 
2 Chiller Water Pump Head 
3 Condenser Water Pump Head 
4 Fan and Pump Motor Efficiency 

S19 1 Peak Process Load 
2 Energy Source Code 
3 Operating Schedule Index 

S20 1 General Steam Pressure 
2 General Steam Temperature 
3 Turbine Steam Pressure 
4 Turbine Steam Temperature 
5 Turbine Speed 
6 External Lighting Power 
7 Type of Floor Covering 
8 Floor Insulation Conductance 
9 Floor Insulation Thickness 

* Program will size ** See chart 

UNITS 

100 Btu/hr 
KW 

-
of 

lA percent 
percent 

of 
SA percent 

percent 
1000 Btu/hr 

KW 
-

of 
lB percent 

percent 

of 
58 percent 

percent 

ft 
ft 
ft 

percent 

see manual 
-
-

Pa ig 
F 

P8 ig 
F 

rpm 
KW 

o 2 Btu/hr- F-ft 
ft 

I.IMITS DEFAULTS 

- * 
- * 

0 to 5 0 
- ** 
- ** 
- ** 

** 
- ** 
- ** 
- ** 
- ** 
- ** 

0 to 5 0 
- ** 
- ** 
- ** 

** 
- ** , 

- ** 
- ** 

- 50.0 
- 40.0 
- 30.0 

1. to 100 85. 

- 0.0 
o to 4 0 
1 to 10 0 

2. to 12. 12.0 
- 245.0 
- 125. 
- 353. 
- 3600. 
- O. 

1 to 3 1 
- 0.0 
- 0.0 
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NECAP INPUT FILE 

OX/HEAT PUMP DEFAULTED HEATING & COOLING DATA POINTS 
If default is used then all values must default 

COOLING 

5 NUMBER OF· COOLING PERFORMANCE DATA POINTS 

DATA POINT 1 2 3 4 ; 

AMBIENT DRY-BULB TEMP. 85.0 95.0 100.0 105.0 
% DESIGN COOLING CAPACITY 100.0 94.0 90.0 86.0 
% DESIGN COOLING POWER 100.0 105.0 107.0 110.0 

HEATING 

5 NUMBER OF HEATING PERFORMANCE DATA POINTS 

DATA POINT 1 2 3 4 
AMBIENT DRY-BULB TEMP. -10.0 0.0 20.0 40.0 
% DESIGN HEATING CAPACITY 16.0 24.0 40.0 61.0 
% DESIGN HEATING POWER 66.0 69.0 83.0 99.0 

5 

110.·0 
79.0 

115.0 

5 

60.0 
100.0 

100.0 



The loads data input via the L cards is wr~t~en to a cOQed f;le (TAfE7) 

which is read by TLAP. This is a rigidly formatteq file. The pata may be 

entered directly into TLAP without using NIPP by const~u~ting a TAP~7 file, 

however, no defaults are allowed, and the method i~ tediQus. The TAPE7 file 

may be altered with a text editor if desired. The TAPE7 file may be input 

into NIPP for data error checking. 
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RE.AOING 
OF-DER 

Ll-A . 
Ll-B 

Ll-C 

Ll-D 

L l-E 

L2-B 

L2-A 

COLUMNS 

1-35 

1-35 

1-35 

1-15 

1-15 

1-10 

11-20 

21-30 

31-40 

~1-50 

51-60 

1-10 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

INPUT VARIABLE DESCRIPTION 
PROGRAM UNITS LIMIT VALUES CODE 

SYMBOL 

Header 1 - e.g., Facility name IDEi'll 

Header 2 - e.g .• Facil ity IDEN2 
location 

Header 3 - e.g., Engineer's' IOEN3 
name 

Header 4 - e.g., Project IOEN4 
number 

Header 5 - e. g., Date IOENS 

latitude STALAT Degrees -90.0-90.0 

Longitude STALON Degrees 0.0-360.0 

Time zone number TZN 4.0-8.0 

Clearness number for eNS 0.84-1.05 
summer 

Clearness number for CNW 0.&4-1.05 
winter 

Building azimuth SAZ Degrees 0.0-360.0 

Job processing code CODE 1.0 ,0 Design load analysis 
only 

.. 2.0 ?O Design load & h"urly 
energy analysis 

3.0 3.0 Hourly Energy analysis 
only 

EXAt~PLE CQt·\MENTS 

Engineering Not more than 35 
building characters -
Hampton. VA Not more than 35 

characters 

R. Jensen Not more than 35 
characters 

NASI-16078 Not more than 15 
characters 

15 July 1974 Not more than 1~ 

characters 

42.0 See 1972 ASHRAE Hand-
book, Chapter 33 

88.0 See 1972 ASHRAE Hand-
book, Chapter 33 

6.0 

0.98 

0.98 

270.0 

If code equal 3.a,ski 
L3-B, C and D; go to 

2.0 L4-A 
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THERMAL LOAD ANALYSIS PROGRAM CARD INPUT PI FORMATION 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE EXAMPLE 
ORDER SYMBOL 

L2.-A 11-20 Ventilation air rate CFMSF CFM/FT2 0.-10. 0.1 

·21-30 Estimated total fan pressure FPRES Inches 0.-15. 4.0 
water 

31-40 
. 

of Zone cold air supply tempe- DTC 40.-40. 52.0 
rature - 1 

41-50 Blank 
51-60 Zone hot air supply tempe- DTH OF 80.-200. 120.0 

rature - 1 

L3-B 1-10 Building. altitude above ALTUD FT 0.-10,000 5M.0 
sea 1 eve 1 

L3-C 1-10 Summer-Naximum dry-bulb TDBS OF 50.-150. 94.0 
tempera ture 

11-20 Summer-Daily range of RANGS OF 0.-30. 16.0 
dry-bulb temperature 

21-30 Summer-Dew point temperature TOPS OF 30.-90. 7S.0 

31-40 Summer-Wind speed WINDS MPH 0.-2S. 5.0 

L3-0 1-10 Winter-Minimum dry-bulb TDBW OF -SO.-7S -10.0 
temperature 

11-20 Winter-Daily range of RANGW DF 0.-30. 3.0 
dry-bulb temperature 

21-30 Winter-Dew pOint temperature TDPW OF -SO.-60. -10.0 

31-40 Winter-Wind speed IHNDW MPH 0.-25. 7.0 

IF PERFORMING DESIGN LOAD ANALYSIS ONLY ( i. e., CODE=-1) , SKIP L3-A Ai~u GO TO L4-A 

COMMENTS 

Used to estimate fan 
heat 

Used to determine 
zone cold air supply 
rate 

Used to determine 
zone hot air supply 
rate 

See 1972 ASHRAf Hand 
book, Chapter 33 

Summer Design Day 
Condition 

Winter design day 
condition 



THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE EXAMPLE COMMENTS ORDER SYMBOL 

L3-A 1-10 Starti ng day YEAR 1. -31 1 

11-20 Starting month ONTH 1.-12. 1 

21-30 length of study ENGTH Days 1.-365. 12.0 

31-40 length of special . schedule XMAS 1.-365. 365 
at end of year 

l-4 1-6 Starting hour for printing CPRINT Hours 0.-8784. 5089. 

7-12 Stopping hour for printing CPRINT 5136. For printout of hour1y 
data and calculated 

13-18 Starting hour for printing CPRINT space load. 

19-24 Stopping hour for pri nti ng CPRINT 

25-30 Starting hour for printing CPRINT 

31-36 Stopping hour for printing CPRINT 

37-42 Starting hour for printing CPRINT 

43-48 Stopping hour for printing CPRINT 

lS-Z 1-10 Number of different types TYPS 1.0-3.0 
of space schedules desired 2..0 
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THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE 
ORDER SYMBOL 

READING ORDER L5-A SHOULD BE REPEATED "TYPS" TIMES 

LS-A 4-6 Is schedule required? CFKSCH 0.0-1.0 0.0 No 
1.0 Yes 

7-9 Schedule code-Sunday FISCH 1.0":20.0 1 thru 10 indicates 
standard schedules built 

10-12 Monday FISCH into program. See Table 
for description. 

13-15 Tuesday FISCH 
11 thru 20 indicates 

16-18 Wednesday FISCH schedules to be defined by 
user via Card L6-A. . 

19-21 Thursday FISCH 

25-27 Friday FISCH 

28-30 Saturday FISCH 

31-33 Holiday FISCH 

34-36' Special FISCH 

READING ORDER L6-A SHOULD BE USED TO DEFINE NON-STANDARD SCHEDULES NOT IN PROGRAM. 

L6-A 1-3 Fraction of load - 1 AM STDSCH Decimal O. -1.0 

4-6 " " " " " 

" " " " " " 

" " " " " " 

" II " " " " 

. EXAMPLE COMMENTS 

1.0 

1.0 

4.0 

1.0 

1.0 

1.0 

1.0 

1.0 

7.0 

1.0 

0.2 New schedules must 
be defined in 
increasing sequence 
once defined, it 
need not be entered 
again. . 



THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE EXAMPLE COMMENTS ORDER SYMBOL 

L6-A 67-69 Fracti on of load - 11·· PM STOSC Decima 1 0.-1.0 

70-42 Fraction of load - 12 PM STDSCH Decimal 0.-1.0 .75 

L7-Z 1-10 Number of common shading FNSP .. 0.0-5.0 0.0 If equal to 0.0, 
surfaces skip reading orders 

L7-A, B, B' and 
L8-Z. 

READING ORDERS L7-AAND L7-B (OR B') INCLUSIVE SHOULD BE REPEATED "FNSP" TIMES. 

L7-A 1-10 . Number of vertices in FNVSP 1.0 or 3.0 1.0 Short form for a 3.0 If equal to 1.0, 
surface to 4.0 rectangle use reading order 

L7-B; otherwise use 
L7-B' . 

11-20 Transmittance of surface PSP 0.0-1.0 0.0 Opaque 0.5 
, () 1'; 

L7-B 1-10 XCORN FT 50.0 
Coordinates of lower left 

11-20 hand corner of rectangle yeaRN FT 10.0 
surface when viewed from 

21-30 outside. ZCORN FT 5.0 

31-40 Height of surface H FT 15.0 

41-50 Width of surface W FT 50.0 

51-60 Azimuth angle of surface A Degree 0.0-360.0 45.0 . 

61-70 Tilt angle of surface B Degree 0.0-180.0 90.0 

READING ORDER L7-B' SHOULD BE REPEATED "FNVSP" TIMES 



THERMAL LOAO ANALYSIS PROGRf.M CARD INPUT INFORMATION 
.' 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE EXAMPLE COrMENTS ORDER SYMBOL 
~ 

L7-B' 1-10 XSP FT 15.0 

11-20 Cordi nates of surface YSP FT 20.0 
vertex 

21-30 ZSP FT 0.0 

LS-Z 1-10 Number of different types 'of FNRF 0.0-26.0 2.0 If equals to 0.0, 
delayed surfaces skip reading orders 

l8-A - L14B, l12-Z 

11-20 Number of standard surfa~es fNSTD O.O-FNRF 2.0 If equal to 0.0, 
" 

skip L8-A and go 
to UQ-A . . 

READING ORDER l8-A IS REQUIRED IF FNSTD GREATER THAN 0.0 

LS-A 1-10 Standard surface code ISm 1-16 5.0 

II II II II II .. .. 
.. .. II II .. II II 

" " .. .. .. II II 

61-70 Standard surface code ISTD 1-16 0.0 

READInG ORDER L9-A SHOULD BE REPEATED {FNRF-FNSTD} TIMES 

LlO-A 1-10 Number of layers FNOL 1.0-10.0 3.0 Exc1~de outside air 
film 
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THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE EXAMPLE 
ORDER SYMBOL 

L9-A 1-10 Thickness of the layer XL 0.333 
(Card 
number 
not 
given 11-20 Thermal conductivity of the XK Btu/hr, 0.770 
on layer ftZ, of 
output) 

21-30 Density of·the layer 0 lb/ft3 
125.0 

31-40 Specific heat capacity of SH Btu/lb, 0.22 
the layer of 

41-50 Thermal ·resistivity of the RES 2 0.00 
layer Hr,ft , 

o"/Btu 

51-SO Alphanumeric description of DESC 2-inch 
layer brick 

Lll-Z 1-10 Number of delayed heat FNDB 0.0-75.0 2S.0 
transfer surfaces in the 
buil di n9 

THE READING ORDERS L11-A, Lll-B, Lll-C, Lll-C' INCLUSIVE SHOULD BE REPEATED "FNDB" TIMES. 

Lll-A 1-10 Absorptivity of outside of ABD 0.0-1.0 0.35 
surface 

11-20 Reflectivity of ground ROGD 0.0-10. 0.30 
fad ng surface 

21-30 Infiltration flow CINFD 0.50 
coefficient 

COr·lMENTS 

-
If 1 ayer has no 
thermal mass, set 
equal to 0.0 

If layer has thermal 
mass, set equal to . 
0.0. 

If equal to 0.0, skip 
reading orders Ll1-A-
L14-B; go to L12-Z 

See Table 6.9 . 
See Table 6.10 

See Table 6.13 .. Use for 
crack method; other-
wise leave blank. 
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READING 
ORDER 

L 11-8 

L11-C 

COLUMNS 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

til-7,O 

1-]0 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

INPUT VARIABLE DESCRIPTION 

Number of ver.tices in surface 

Number of X divisions in 
surface. 

Number of Y divisions in 
surface 

Number of common shading 
surfaces deleted from 
surface· 

WOT USE 0 

Surface roughness index 

Index for type of surface 

Coordinates of 10wer left-
hand corner of rectanglar 
surface when viewed from 
outside 

Height of surface 

Width of surface 

Azimuth angle of surface 

Tilt angle of surface 

THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

PROGRAM UNITS LIMIT VALUES CODE EXAMPLE COI':MENTS SYMBOL 

. 
FNVD 1.0 or 3.0 to 1.0 Short form for a 1.0 If equal to 10. use 

20 rectangle read i ng order L11-C; 
otherwise use l11-C' 

FNXD 1.0-50 15.0 Determines number of 
segments to break 
surface into for 
shadow analysis. 

FNYO 1.0-50 10.0 

-
HmO 0.0 or less 2.0 ·If e{jual to 0.0 or 

than or equal FNSP, skip reading 
to FNSP order Lll-D. 

F1SD 1. 0-6. {) 2.0 See Table 6.B. 

FIRF 1.O-FNRF 1.0 

XCORN IT 18.5 

YCORN IT 23.7 

ZeORN IT 1.3 

H IT 10.0 

W FT 15.0 

A Degree 0.0-360.0 0.0 

8 Degree 0.0-180.0 25.5 
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THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE EXAMPLE ORDER SYMBOL 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FNVD" TIMES. 

L11-C' 1-10 XVD' FT 25.5 

11-20 Coordinates of surface vertex YVD FT 18.5 

21-30 ZVD 'FT 0.0 

L1l-D 1-10 Index of common shading FIDD 1.0-FNSP 2.0,5.0, ... 
surface deleted 

61-70 . 
L14-A 1-10 . Total number of pictorial FLOOKD 0.0-20.0 . 5.0 

outputs ,des ired 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FLOOKD" TIMES. 

l14-B 1-10 Month FMLOKD 1.0-12.0 7.0 

11-20 Hour of the day FIlOKB 1.0-24.0 11.0 

21-30 Su.rface index FJLOKD 1.0-FNDB 3.0 

L12-Z 1-10 Number of quick heat transfer 
in the building 

FNQB 0.0-25.0 1.0 

THE READING ORDERS Ll2-A, L12-B, L12-C (112-C') INCLUSIVE SHOULD BE REPEATED "FNQB" TIMES. 

L12-A 1-10 Absorptivity of outside ABQ 0.0-1.0 0.3 
of surface 

11-20 Reflectivity of ground 
faci ng surface 

ROGQ 0.0-1.0 0.4 

COMMENTS 

If number of deletion! 
is greater than seven, 
use more than one 
comouter card . 
If equal to 0,0, skip 
reading order L14-B; 
go to Ll2-Z. 

If equal to 0.0, skip 
reading orders L12-A -
L14-B; go to L13-Z. 
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ORD::R 

UZ-I<, 

Ll2-B 

L12-C 

COLUWJS 

21-30 

31-40 

1-1 C 

11-20 

21-30 

31-40 

41-50 

51-60 

1-10 

11-20 

21-30 

31-40 

41-50 
i 

THERNAL LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

PROGRAM CODE 
t CQt·1MENTS I INPUT VARIABLE DESCRIPTION SYMBOL UNITS LIMIT VALUES EXAMPLE' 

I 
--

Heat transfer coefficient uQr Btuihr- 1.65 

ft2-OF 

Infiltration flow coefficient CINFQ Q.O- 5.3 1 See Table 6.13 use for 
c~ack method; other-

1 
wise, leave blank. I 

Number of vertices in FNVQ 11.0 or 3.0- 4.0 If equal to 1.D, use 
surface 10.0 read-jng order t 12-C; 

otherwise use L12-C'. 

Number of X divisions in. FNXQ 1.0-50.0 iO.O Determines number of 
surface segments to break 

surface into for 
Number of Y divisions in FNYQ 1.0-50.0 5.0 shadow analysis. 
surface 

NUf'1ber of COfll11On shading FNDQ I 
0.0 or less I 0.0 I If equal to 0.0 or 

sUl'faces deleted from than or equa 1 I FNSP, skip reading 
surface to FNSP ~ order L12-D. 

NOT USE D 

Surface roughness index FIZQ ] .0-6.0 4.0 

Coordinates of lower left- XCORN FT 25.0 I 
har.d corner of rectangular .. -
surface \',hell viewed from YeORN FT 15.0 
{)utside. 

zeORN FT . -20.1) 

Height of surface H FT 10.0 

Iold; th of st:rface W ~T r, 5.0 
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THERMAL LOAD ANALYSIS PROGRAM CARD INPUT INFOR!4ATION 

READING COLUNNS INPUT VARIABLE DESCRIPTION PROGRA1-l UNITS LIMIT VALUES CODE EXANPLE COI/,MENTS 
ORDER SYMBOL 

. 
L12.-C 51-60 Azimuth angle of surface A Degree 0.0-360.0 360.0 

61-70 Tilt angle of surface B Degree 0.0-180.0 90.0 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FNVQ" TIMES. 

L12-C I 1-10 XVQ FT 25.0 

11-20 Coordinates of surface YVQ FT 20.0 
vertex 

21-30 ZVQ FT I 10 ... 0 I 

L12-D 1-10 
4.0,jIf number of deleti~ns Index of common shading FIDQ 1.0-FNSP 3.0, 

I surface deleted liS greater than 61-70 Iseven, use more than 
one computer card. 

I 
; 

IIf equal to 0.0, skip L14-A 1-10 Total number of pictorial FLOOKQ 0.0-20.0 2.0 
outputs desired l~eading order L14-8; 

i 
go to L13-Z. 

THE FOLLOWING READING ORDER SHOULD BE REPEATED "FLOOKQ" TIMES. 

L14-B 1-10 Month FMLOKQ 1.0-12.0 11.0 

11-20 Hour of the day FILOKQ 1.0-24.0 .9.0 

21-3Cl Surface index FJLOKQ I LO-FNQS 5.0 I 



THERr~L LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE EXAMPLE COrlMENTS ORDER SYMBOL 

U3-Z 1-10 Number of windows in the FNWB 0.0-35.0 6.0 If equal to 0.0, skip 
building reading orders l13-A -

t14-8; go to l15-C. 

THE RfADINii ORDERS 113-A, Ll3-S, L13-C(C') INCLUSIVE SHOULD BE REPEATED "FNWB" TINES. 

L13-A 1-Hl ASHRAf shading coeffkient SHACO 0.0-1.0 0.5 See 1972 ASHRAf Guide 
'Chapter 22 
1.0 = no shading 

H-20 Form factor between window fFWS 0.0-1.0 0.4 
and sky 

21-30 Form factor between window FFWG O.O-LO 0.4 
and ground 

31-40 Reflectivity of ground facing fOGW 0.-0-1.0 0.30 
window 

4]-50 14; ndow setback SET8K Inches 4.0 Windo~1 must be ShOl"t-
form rectangle to use. 

.51-60 loJindow border BUOR Inches 3.0 

61-70 Infiltration flow coefficient CINEW 5.3 See Table 6.13. Use for 
crack method; other-
wise leave blank. 



THERMAL LOAD ANlILYSIS PROGRAM CARD INPUT INFORMATION 

REAOWG COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM COMt·\ENTS 
ORDER SYMBOL UNITS LIMIT VALUES CODE EXArWLE 

I L13-3 1-10 Number of vertices in window FNVW 1.0 or 3.0 - 1.0 Short ferm for 8.0 If equal to 1.0, use i 
I 4.0 rectangle I reading order L13-C; 

! 
otherwise. use L13-C' 

I I 11-20 Number of X divisions in FNXW I 1.0-50.0 15.0 Determines number of I i window I segments to break ! 

I 
wi ndo\'l into fot i 

L21-30 Number of Y divisions in FNYW 1.0-50.0 10.0 shc:dol'i cnclysis. , 

window 

I 31-40 I N",~" of co"""o 'h'dio~ "'f' FNOW 0.0 or less 0.0 If equal to 0.0 or 
than or equal FNSP; skip reading I 

I 
surraces deleted from wlndow I 

to FNSP I 
Drder Ll3~C. I 

41-50 
I 0.0 j:,eans ,etb:< = 0.0 I Number of shading surfaces FNAW 0.0 OR 3.0 I 3.0 :';:;,,[1S setbk '" >0.0 

added to window 

51-60 Number of panes of window FNHl 1.0 or 2.0 1.0 Single pane 1.0 
glass 2.0 Double pane 

61-70 Index for type of window FGLASW 1.0-8.0 LO 

I glass 

I Ll3-C 1-10 Coordinates of lower left- XeORN FT 8.5 
hand corner of rectangular 

, 

11-20 window when viewed from out- yeORN FT 22.7 
side. 

21-30 leORN FT 2.0 

31-40 Height of window H FT 10.0 

I 41-50 Width of window VI FT I 15.0 

51-60 Azilfluth angle of window A Oegree 0.0-360.0 90.0 

51-70 Tilt angle of window B Degree 0.0-180.0 25.5 



THE~~L LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

REAOli;G COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUE EXAMPLE COfllMENTS ORDER SYMBOL CODE 

THE FOu..OWING READING ORDER SHOULD BE REPEATED "FNVW" TIMES. I 
U3-C' 1-10 Coordinates of window vertex t XVW FT 25.0 j 11-20 YVW FT 5.0 
. 

21-30 ZVW FT 10.0 

L13-D 1-10 Index of common shading FlDW 1.0-FNSP 3.0, 6.0, If number of d~letion5 . 
1 61 ~ 70 

surface deleted is greater than seven 'I 
1 

use more than one 

t ! !computer cad. 
, 

THE READING ORDERS L13-V1 AND L13-V2 INCLUSIVE SHOULD BE REPEATED "!'NAW" TIMES. 

Ll3- III l-lO Number of vertices of added FNVAW 
1 4.0 shading surface 

11-20 Transmittance of added PAW 0.0 
shading surface 

L13-YZ 1-iO Coordinates of lower 1eft- XtORN fT 22.0 
hand co~ner of added 

11-20 rectangular shading surface I yeORN FT 10.0 
rlhen viewed from outside 

21-30 ZCO~N FT "10.0 

31-40 Height of surface added to H FT 15.0 
window 

41·50 i{idth of surface added to W FT 26.0 
I window 



READING 
ORDER 

L13-vz 

Ll4-A 

COLUMNS 

51-50 

I 61-70 

1-10 

THER."IAL LOAD ANAL YS!S PROGRAM CARD INPUT INFORMATION 

INPUT VARIABLE DESCRIPTION 

Azimuth angle of surface 
added to window 

Tilt angle of surface 

! added to window 
i ' 
II Total number of pictorial 

outputs desired. 

I 

PROGRAM 
SYMBOL 

A 

8 

FLOOKW 

UNITS LIHIT VALUES 

Degree 0.0-360.0 

Oegree 0.0:'180.0 

0.0-20.0 

CODE EXAf-1PLE COHMENTS 

85.0 

YU.V 

! 
0.0 If equal to 0.0. skiD! 

reading order Ll4-B;' I I go to U5-Z. 1 

! THE FOLLOWING READING OR.DER ShOULD BE REPEATED "FLOOKW" TIMES. 

L14-B 1-10 ~1onth FMlOKW 1.0-12.0 1.0 

Ll5-Z 

11-20 I Hour of the day FILOKW 1.0-24.0 12.0 ' 
~------~----------------------4-------~------~----------+-----~-----+----------------~ 

21-30 Window index FJLOKH 1.0-FNWB 5.0 I I 



TH£RM~L LOAD ANALYSIS PROGRAM CARD INPUT INFORMATION 

READING 
. 

PROGHAM 
ORDER COUJM.'lS INPUT VARIABLE DESCRIPTION SYMBOL UNITS LIMIT VALUES CODE £XA~1PLE tOMMENTS 

THE fOLLOi4iNG READING ORDER SHOULD BE REPEATE "FNIHTS" TIMES. 

US-A 1-10 Area of surface AIHTS Ff2 100.{) j 
11-20 Heat t-ransfer coefficient FIHTS 1 Btu/hr-ft2 0.9 of surface 

1HZ• -OF 

21-30 Indices of spaces ~onnected ~SPCl I 11.-0 
to surface 

3i-40 . SPC2 9.0 

L15-Z 1-10 Number of underground walls nlUWB 

I 
0.0-30.0 I 1.-0 If equal to 0.0, skip 

in the buildi~'1g reading order llS-B; I 

J 
9-0 to LlS-Z. 1 

THE Fait.OWING :READiNG ORDER SHOULD BE RfPEArfD "FNUWB" TIMES. 

US-S 1-10 Area of wall AUW FT2 50.0 

11-20 Heat transfer coefficient Fu\~ Bt-u/hr 
of wall H2, OF 1.5 

U5-Z 1-10 Number of underground floors FNUFB 0.0-30.0 0.0 If equal to 0.0, skip 
in the buUdlng reading order L1S-C; 

go to U6-A. 
----1 



THERMAL LOAD ANALYSIS PROGRAM CARD· INPUT INFORMATION 

-

I 
READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS LIMIT VALUES CODE EXMlPLE COMMENTS 

ORDER SY~1BOL 

I 

THE FOLLOWING READING ORDER SHOULD BE REPEATED" FNUFB" TIMES. 

L15-C 1-10 Area of floor AUF FT2 25.0 

I 
11-20 Heat transfer coefficient FUF Btu/hr 2.5 

of f1 oor FT2, OF I 
L16-A 1-6 Ground temperature-Ja~ TGRND OF 30.0,35.0, First data is for 

I .. ..... 1st month of study . 
If study length is 

67-72 Ground temperature-Dec gre~ter than seven 
mor.ths, use 2nd 
com;Juter cc rd. If 
NUWB+FNGWB=O.O, skip 
this reading order. 
For CODE=l or 2, all 
12 months are 
required. 

L17-Z 1-10 Number of spaces in the FNS 1.0-35.0 11.0 I 
building I 

THE READING ORDERS L17-A THROUGH L17-E AND L18-A THROUbH L18-F INCLUSIVE SHOULD BE REPEATED "FNS" TIMES. 

LlB-Z 1-10 Number of delayed surfaces FND 0.0-30.0 3.0 If equal to 0.0, skip 
in the space reading order LIB-A. 

11-20 I Number of quick surfaces FNQ 
! 0.0-30.0 2.0 If equal to 0.0, sk-ip 

in the space reading order L18-B. 

21-30 Number of window:; in the FNH 0.O-3Q.0 3.0 If equal to 0.0, skip 
space readi ng order LlS-C. I 

I 



THERNAL LOAD ANALYSIS PROGRAM CARD iNPUT INFOrutiATION 

READING COLUMNS INPUT VARIABLE DESCRIPTION PROGRAM UNITS CODE LIMIT VALUES EXAMPLE COMt-lENTS ORDER SYMBOL 

l18-t 
31-40 Number of internal surfaces FlNT 0.0-30.0 0.0 If equal to 0.0, ;k"1 

in the space reading order L18-D. 

41-50 Not Used 
j 

51-60 Nunlber of underground surfaces FNUf O.0-3D.0 1.0 If equal to 0.0, skiP-j 
in the space reaejjng order U 8-f.. I 

61-70 Nunber of additional FMULT 0.0 j 
i dent ica 1 spaces in the j bunding. I 

L17- A 1-10 Floor area of space flORA FT2 100.0 

1] -20 Vo1ume of space VOL n 3 1000.0 , 

21':30 Weight of floor of space WOF lb/ft2 1 80.0 

31-40 Temperature of space TSPAC of 75.0 

1 I 
41.,.50 Number of people l·n space j FOLK J 5.0 

51-60 Activity level in the space HASSL Btu/ft 400.0-1350.Q 550.0 j 



THEPJ.!AL LOAD AiiALYSIS PROGRAM CARD INPUT INfOm·:AT1':'N 

READlN{ COLUMN iNPUT VARIABLE oESCRIPfION PROGRAM UNITS UNIT Vr.l~£S CODE . EXAMPLd CO~!~£NTS ORDER SYMBOL 

L17-C 1-10 Type of light fixture VENT 1.0-4.0 ~ .0 See Table 6.12. 

11-Z0 Percent of light heat to . PERCT Decimal O.n-l.O 0.85 Refer to manufacturer 
space data. 

I 
21-30 People schedule index UINDEX 1.0-15.0 2.0 

, 
31-40 tType of infi ltrati on 10.O,1.D~r 0.0 No air change J 1.0 i P12K 

analysis 2.0 1.0 Air change metho 
2.0 Crack method 1 

41-50 Infiltration rate CODINf No. air 0.0-10.0 1.0 1 Est. changes at 
changes 10 tr.ph 

j per hour 

51-60 Height above or below 1 FT I - is above neutral 
neutral zone zone 

61-70 Space exhaust air cfm CFM 0.0- I 
2 

watts/Hzl I These are sunmed L17-D 1-10 Lighting Joad (watts/IT ) WPFS.L 4.0 to 

Lighting load ( KW) I 1.5 
; get total $p<ice 

I 11-20 P~iRL T K\~ 'lighting load. I 
21-30 Lighting scheduie index EIHDEX 1.0-15.0 3.0 

117-E 1-10 Equipment load (watts/ft() WPFSE Hatts/FTZ 0.0 These are summed to 
get total space I 11-20 Equipment load (KW) PWREQ KW 10.0 Isensibie equipment I 

, 1 oiJd. 1 

21-30 Equipment load {BTU sensible EQSEN I Btu/hr I 0.0 

31-40 Equipment load (BTU latent) I 1500.0 EQlAT Btu/hr 

41-50 Equipment schedule index PINDEX 1.0-15.0 1.0 I 



READl!{G 
ORDER 

Ud-A 

·1 
COLUNNS I 

l-Hl 

61-70 

THERMAL LOAD ANALYSIS PROG&~M CARD I~PUT INFORMATION 

INPUT VARIABLE DESCRIPTION 

Indices of delayed surfaces 
of space 

PROGRAM 
SYMBOL 

FID 

UNITS CODE LIMIT VALUES EXAMPLE 

1.0-FND 3.0,4.0, ... 

"~----~----+-------------------~----4---~--1-------4-------~ 
L 1.8-S 

L18-C 

Ll8-D 

1-10 

61-70 

1 i-10 

I 61~70 
1-10 

Indices of quick surfaces 
of space 

Indices 0f windows of space 

Indices of internal 
surfaces in space" 

flQ 1.0-FNQ 1.0,2.0, ... 

FIW 1.0-FNW lS.O,22.Q, •.. 

I 1 

FFIHTS 1.0-FNIHTS 11.0.22.0, ... 

COMMEtHS 

1 
If number of indices 1 
is greater than seven 
use more than one 
-computer card. i 

1 

I , 

1 
I 
I 
I 

To hand1 e repetit i ve j 

surfaces, repea t 1 
61-70 t indices as many times 1 

~---+------4-------------jf----+---+--:-~-----+-__ . __ ~1 dS requh-ed. : 

J 6.0,7.0,... J 
L18-E 1-iO 

61-7{l 

Indices of underground surfaces FIUW 
in space i 

1.O-FNUWB 

I ! 



The systems data input via the S cards is written to a coded file .(TAPE8) 

which is read by SESP. The data may be entered directly into SESP without 

using NIPP by constructing a TAPE8 file, however, no defaults ~re allowed, and 

the method is tedious. The TAPE8 file may be altered with a text editor if 

desired. The TAPE8 file may be input into NIPP for data error checking. 

B-42 
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I 

.z:,. 
w 

C,C E~ 
I Pee; [KG 

i SDA 

I 

I , 
i 
I 

l SlA 

, 
S2~ I 

I , 
I 

i s3i 
I 
L 

R E? EAT 

S3~ 

SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

IN'!)T VL~lABL~ pp f)~0: A .... 
Cr'LUM,j$ I'[SCRIPTION SY~8::'t UNITS UNIT VALUES CODE eXAMPlE 

1-4 F=~ 0 0 r bu lid 1M IBlIGCU o or 1 0- Do No t Pr Int 0 
descrIptIon data I-Print 

;-8 Ecro 0' f'Ot;i:JI'lp.:1t ISUG(2) 0 or 1 C·Oo N"t Pr I nt 1 
$creC'ullnc € f '00 r , I-P,'nt 
ce I II nQ € 'urnlshlnc 
data 

9-12 [cho of space Input IBUG(3) 0 or 1 0-00 not print 0 
~.t. I-print 

13-10 Echo of tr. er'1!CiS ta t Iellc,U,) 

I 
0 or 1 O-Do Jl;ot Print 1 

I !:: ch~r1"" I es I-Print ; 

! 
I I 1-35 ProQr.~ tIt Ie SNANE 

l-~ B"QII\~lnQ hour of IHS '~T Hour of I 
0 t Q 878~ 0 

~ tud y year 

I 

b-1O I Er.di:1Q r.o u r ~f study I IHST? 0 t(> 8784 0 
IHSRT.LE.IflSTD 

I 
11-1·5 l'utout taoe option IOTIIF 0, 1, or 2 OHlr. t~pe Icutputl 1 

hoe IIFQr~atted.tape 

Z:Uflforr.latte<1 t I! e 

I 1-3 NU'IIter of printouts IPO 
I 

0 - 12 2 

I desIred ; 

S3A I?O TIJ"lES 

1-5 ! Printout start hour IPOS Hour of 0 to 8784 1 
Year 

I 
! 

~-lO Printout stop hour !POE Hour of 0 to 8784 1>1 
Year IPOS.LE.IPOE 

COMENTS 

Not .ore than 35 
character~ 

I).fau I t value -
be. In first hour 
on load t 3~ e 

Default '310e - enrl J 
"lth I • s t hC!Jr on I load tape 

Oer au I t . 0 

I 
If e~ual to fI.il, , 
skip S31 

Use whole n~"bcr5· 
! 

with no declltal 
pol"t ana r I ;ht-
justlfle:l In each 
t Ie I d 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

, R2AG H!G I~PUi VA~ B"lE Pi10GRA1'! 

I O"D~~ CrlU~NS DESCRIPTIm; SYtI3f'L UNITS UNIT VALUES caOE EXA~?lE CO'l'lENTS 

I ll-15 r.~tlon21 "r I nt f I aQ ~ I IPPNTl 0 or 1 0 - 00 Not Print 1 Default · 0 
S31< leve! 1 , Hourly 

I 
Su,,""'arlos I 

16-2.0 Gotlona ~ cri~t fl 39: IPRNTZ 0 or 1 1 · Print D I Default · 0 
: Leve' 2' 7o~!! 

, 
3un:":I3rles I I 

S4Z 1-3 Nut'~-e'r of ther~ost2t NDTS 1 to 5 2 This card Is 
scredulcs 

required 
i 

, 
i 
~ SET OF 24 "'UST BE ~EPEt.TED I;OTS TI~ES 

SH I 1-3 Tl'er"ostat tvpe IVSTD 0,1 or 2. 0 · float 1 Default · 0 
1 · lInea r 

I 2 • h I-low 11 .. 1 t 

''1'-16 H IQ~. t~V'perature If ~ It VTSCl Deg/F 85 Default · 0.0 

:;'2-19 I lew te~perature I!" It VTS02 Deg/F 65 Default · 0.0 

sn 

I 
2-3 i'!;J."'~t" r of reolJi-ar "I'l.SCH 0-10 Oetaul t · 0 

Sch eou' es - .. 

READ 55 to NPSCH TII"ES 

I S5H 1-3 Fraction of tota I at 

1 
STOS Dec Imal 0-1 .25 Default. 0.0 

I I hour 1 
I . . 

70-72 Fractlen of t.otal at I Hour 24 
STDS I 

SEIZ 1-3 Nu .. ber of "l'ekly NWSC 0-10 Z Default · 0 
schedu les 



OJ 
I 

,j:>. 

Ul 

K~ACING 

C<DE~ 

READ S6A 

I 
SeA 

_. 
seE 

I 

I 
S76 

I REt"} S7L 

S7A 

I 
I 

I 
! 
I 

I 
I 

S8Z 

SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

I N?UT '1APIA8lE I ?QIJGRAM I COLUMNS DfSCRIPTl:JN SYMBOL UN ITS UNIT VALUES COD~ EXAMPLE COMMENTS 

i 
AND SbB NIISC TI MES 

1-3 

I 
A$)p;1catlon of ITV PE a or 1 a-operating 
schedule schedule 

1- thermostat 
SChedule 

Tl'ter!"::ostnt Schedule 
1-4 S;,;rl'iav rSTT 0-10 If ITYPE-O 

1 
5-8 I'cnday ISTT 0-20 If lTY?;:·l 
Q-12 TUf>soav ISTT I 

12-16 lIeor.osday ISTT 
17.,.20 Thurso.v ISTT 
21-24 Frldav tSTT 
25-28 Saturday ISTT 
29-32 Holld.y ISTT 

I 

! 
1-3 Number of yearlv NYTS 0-10 , Default - 0 

tner70stat scnecu les 
I I 

'lYTS" TIf'F5 

1-3 .eo"'y trerrrostat Index rYTSN 0-10 ~ ". 
for oorlod 1 

4-6 R~~tr.nI("oc 1"our o"f lYTSO Hour of 0-8784 
tl.o.e:-·~e5t:;t sct"-edule Year . 

I 
33-35 Yearly cerlod 5, 

Weel.:tv t"herr.-oo;t3t I~de x 
Yearly C~ r t od 5, 

36-40 13~c: t r"!r. {no l'nu r e>f 
t!":~r:'\'lost.?t s'c,",?~ute 

1-3 \!u·;;ber ('f res et NPSfT O-lb Default . 0 
schecu les 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

I 

I Rr::AO~l"jG INPUT VA~JA8LE PROGPAM 
C~C E~ CCLU~NS OE$CP I?TInN SY"8GL UI{Irs U'lIT VALUES CODe E XAIIPLE 

~cAD S3A ~'RSET TI~ES 

S8A 1-7 low outsIde air TOAlD I Deg/F -15 
t€,;:,perature at wI> I ch 
svst.e,r: t{>~o Is 7>'r 

8-14 Hio~ cuts f;;e air TOAHI ('e~/F I 55 
t~""';\er at'Jf P- at ... hl ch 1 
s ys t e., te::'p Is TLC' .. 

15-21 l"w syste~ fluid TLO Deg/F 140 
t~l"':per?tlJre 

I 22-28 ! i-!~:!-> <;:v S ~ err. flu I" PH fle9/F 
I 

210 

I 
I t~"ner:'Jturo:;o j i 

I 3D-tO I Reset sch~dui€: labe I IN ~11E I Ho t 
(-a iph"'-r\t.ii'!'~r Ie) water 

I I i i I I I 5·10 ? 
1 

1-3 NL'::,bo::'r of \.Jscr-deflned 

I 
'!RES 0-20 

i !':',Ji f?c~:. 

r 
; 

~u~~~r of lavers 1.0 to 10.0 

! 

CG~!'IENTS 

Oefau It · 0.0 

Default · 0.0 

Default · 0.0 

Default · 0.0 

Not A!.:,re th ~n 30 
characters 

Exclude o(,jt.s~de 

al r fli'" 

I 

! 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

I ,. 0 ';,p ~r IN ?llT VA~IJ.SLE I>ROGRAM I I'G;DER~ COLl!~NS CESCR!PTION SY1BOL UNITS U"l IT VALUES C'lOE EXAMPlE C O!':IIENTS 

S94 I-Ie ThIckness of the laver Xl Ft 0.333 If layer has :>0 
ther'll,I :I ass. set 
equal to 0.0 

11-20 I T!--z i:='~ t cehductlvltv XK STU/Hr, 
, 

0.770 

1 cf the , av rr Sa Ft. I OeolF 

21-30 Oensltv of the I eyer 0 16/eu Ft 125.0 

I 

~ 
31-4u I S:-eclf Ie re.t SH BTUllo, 0 .• 22 

I 
! c2~acl tv rf t re t a Yer OeQ/F I ! 

I 
41-.50 I Then'.1 resistIvity RH Hr,Sa Ft. 0.00 If j. yet has 

of tt.e laver Deg/F. STI; 

I 
thero.al f.:<!:SS, set 

I I equal to 0.0 
Derault · o.c 

51-CO I.Irranu .. erlc d~scrlp", CEFe 

I 
L1rel t to 30 

t lor or tt. I. ye r brick characters I 
SHZ 1-3 ~h.!trcp.r of fan sYste"s KI'IAX 0-15 7 

i 
" "AD 511:- rr-;::.rUGH S 11:: v.;~.hX TI1'I<$ 

Sllt. 1-10 Tvee of dlstrlbutlcn TYoE 1-13 See Input 10 Oefault · 1 1 
-r~n s vs te I!' !'Ianeal .. 

11-20 NUl1'ber of zor,es "" JIIAX 
, 

6 Default · 1 
syste.~ I 

I 21-30 i Relatve ~.u;;-l dlty Rl-iS? %R .H. 50 I Cefau It Q 10 
s ~t ~ol"t 

:!l-40 "'Inl"u .. outsl d.e air OAFCII CFM 3000 It exhaust atr 
vo'ulf'e exceeds OAFCH, 

OSFCH will be set 
eQu11 to exhaust 
a I r 

i i 41-50 ~l'ed alc (l~tion MXA£l 1,2 or 3 2 Deraul t • 1 

51-tO Var13ble vctul'!'e '81'1 IIVFC 1.2 or 3 1 Oefau It · 2 
contr.,1 tvo~ 
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SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

! INPUT VARIH\.E PROG~AM I COLUM~S I DESC~rp7ICN SYM80l UNITS UNIT ValUES CODE EX A:-PLE 

1-10 Hot d.c~ ter..p ITMPC (K, 11 Oeg/F 1,3 or 6 1 
KFt.:<K . 2 or 3 

1-10 AHU leadng ter.:p ITMPC (K,ll Oeg/F 1,2 or 3 1 
XFANK . 13 

J 

11-20 Cold deci< dis.:.:harge ITMPC(K,Zl DeqH I 1 or 2 2 
tel"p I 

21-30 Supply fan pressure TFNPS Inches of Non-negative 3.8 
water 

31-'·0 R~turn f2n pressure TFNPR Inches of Non-negat1ve I 2.1 
w~ter 1 , 

41'-50 txr.;)ust fan pressure TFNPE Inches of Non-ne9,tlve 1.b 
: water 

51-bO 1 Are reheat coils rVVRH 0 or 1 0 . no 0 
locatee after varl- 1 . yes 
able volu~e ~cxes? 

1-10 I MI"kul" air flo~ VV~IN 1- 0 to 100 25 
j through variable I 

volume boxes 

11-20 ! Fixer. 'ot deck te",p TFIXl Oeg/F , 95 
' :':F-,~}~!<.$2,3 -I Fixed AI-iU discharge I 

'. 
i te"p 
I KrANK o 4,ll.l2,13 

21-30 Fixed cold deek TFIX2 ; DegiF 55 
temperature 

31-40 Hot deck a I r te",p ISETCK,ll 1 to 10 1 
reset Index 2,3 

Primary air te.p I res~t Index 10 
AHU dIscharge air temp 

reset Index 13 
41-50 Cald dec~ air temo ISETlK,ZI 1 to 10 2 

re~~t <;chl?cu'e iradp.x 
51-60 Rasebvarc: ".dlatlal\ ISEHK>3 I 1 to 10 3 

water tetrperature 
reset schedule inoex 

COM"E~TS 

Default . 1 

Defaul t . 1 

I 

I 
For zystel't! ty,.s 
2, 3 & 13 th is 
v2ri?ble Is func- I tlonat 'Jnly , f 

ITt-'?C{K,l}~l 

For system t YDes 
2, 3, t 13 tnls 
varla~le Is func-
t J on ai onty if 

I Ii~PC(lo;,2)'1 

ISETCK,N) ~e ys • 
soecl flc outsIde 
a I r reset schedule 
to control the 

I temperature of a 
spec If I ed portion 
of syster.'l .. 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

I READ ING INPUT VAPURLl: PROGPAM 
! :J~(lE ~ 

I 
CClU~NS neSCRIPTIQI' S Y~B[)l UIIIT$ UNIT VAL UE $ COOE EX;'M?lE COMIIENTS 

I 

I 
I I Slli) 1-10 TWt' pipe f ."c 011 ISfTP(,4) 

I 
1 to 10 7 

1 

s vs te 'F £ twr-~Ipe 

I Il'Iduction unit system I 
hot ,",at er te .. " reset 
I nde~ 

I 11-20 p.tl ~ nf Ir,dueed to RIPAtK) 2.7 Indu~ed air e oual s 
pri:'l"C'trv a I. RIPA prbary air 

I 21-30 Two-~I"e s yst es reOFC DeQ/F H At 2.5 OeglF lag 

1 c'" anaeover te~.p 
. Inhibits re pe "tad 

ctr2n~eove-t" In 
ter.::l-er a ture we'CJtt.~.r 

I - ~ 1-40 ~rccr "ane I s r.utoff TC!ACO OeofF j 5~ 
J t""." 

41-50 \later volu",. In ?IlGAl Gals Non-n eg at I ve 100~ C-hangeovef' IQad 
cJ'l a-nG e 0 veT system too cal e,,' atsd by 

tile proora!'r 

f I 
51-t-G Floor care' I Oe2 t I-on Ploe 1 <lr Z l=s!all on 9ra~e 1 1 ~-c;:e th 2-n -or:~ ZOf·e 

i I Z-!nterl'l.dJate ~"Y b-< !nc'Ju~£:d on 
f10cr sl.h _t ~IE flG:)r oafle~ 

SHE 1-10 -Heat!nl; panel flOM PAl'EA $q Ft ~eat1!\~ s YS t ell' 
ar--!';I onh It they at I 

1 
11-2-0 E y.",,,, sed -e-erJ,,:et~r of PH 1'1 Ft ha"~ the satr.e se t 

fJeer area oclnt tE:::.~·.erature 
, -- 1)era" It · O. 

21-30 Fan syste .. shutoff IFSt:I 0-3 O-ra" 0"1, 
flaQ llaselloard .on , l-f3n "J!2Y be Qff, 

.I baseboud on , 
Zsl"an & baseboJlrd Detaul t · Z 

",a~' be .ofr 
3-fan USeS schedul 

(S7") 

31-40 
I 

Vent i 1 attol' sc~·ed" Ie IV~NT 0-10 Default · 0 -I 
c~~e ·ust b~ used It 

41-50 H""ldlstat location ICHI Oetau It · 1 

51-60 DX/Heat PUftlp Index !OXHP 0-6 Default - 0 ! 

i ! 
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SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

REbOING INPUT VHIASLE PRrJGRAH 
OR OEP. COLU~NS DE SCnpT!!JN SYMaCll UN ITS UNIT VAL UES coDe EXA.MPlE 

I 512Z 1-3 N u"be r of SD3ces NS?A1 0-35 

PEPEH Sl2A THRf1UGH Sl2E NSPl1 TIMES 

512 a I 1-3 Tvoe of 2'C r e !Pl5 0-1 O·occu"l~d 

i l-plenu"a 

! I 4-6 Fa .. sy s t c=: In·cex I ~FANP 1-KMAX 

I 
lIF ?t.'=NU"! SPACE, 
I 

SEE S::28' TH"DUGK S12(' 

I I I ! 512 ~ 1-1 0 l (lod. i'! u~t;er ~?ACN 0-35 17 1 i SP2ce 

J 1 SuoP i v j 11-20 air CFr' CF~ CF"I 0.0 

1 I 21.-30 EX2~U$t a I r C F~" cn:x CF!'I 500 

I 
" , 

l 31-40 I Hp~t out:i::ut cf ! I :aTU 8TIJ/Hq 

I 
700 

I 
; J b:;seboard ra-d!at1cn lin Ft I 

oer firear ft. at 
deslQn cor.dltlons 

I 

I -'. -. 

I 41-:;0 Ac t t ve I c~qth of AlF8R FT 10 

j 
I bc~ ~ooard 

5l-CC Yearly t~e.zr:ostat I lYNO I l-NYTS 
schedule I tide x I 

I CO~IMENTS 

Defzult · 0 

Default - 0 

Def 2U It · 1 

Default-· I 

Default-O, It 0 Is 
~ntered the n CFII 
is C.3""':put'€!d. Tnl s I 

I 
I 

"/1 i Ile J'$ ccr.st'1f'l.t I ".;fj! C ss far-- sy $.t~,.. 

Is off. 
Design Conditions: 
!:-5 O.g/F Incor.jng 

a I r ; 
215 Oeg/F heating 

fited I U:I te".>, 

Default · 1 
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U'1 
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I 
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I 
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I 
I 
I 
I 
i 
1 
I 
I 

i 

I , 
I 

I 

p r.AL1I~~G J 
Q;?OER C ClU1"N$ 

S12e 1-10 

11-20 

21-30 

31-40 

i 

41-~" 

Sl2D 
i 1-10 1 
1 
I , 
i 
! 

"' 
1 j..-70 

L 
21-j~ 

Ll-t)~ 

j 4!.-!C 
I 

" . 
5::'-60 

Sl2E l-10 

11-2(1 

21-30 

31-(;0 

SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

P'!PUT V~QI\HE ~~I]G"A!'I 

DESCPIPTION SYM80l UN ITS UNIT V~lUES CODE EXA~PlE COMENTS 

I I Soaco d"s lor. he at Ina HCAPD BT:J/Hr Neoat/ve Default · 0 
ca,.acltv I 

1 S~a ce ces! a!) c~ollnq CCI..?O I BiU/Hr Non-negat I ve :lefautt · 0 
f c;J.!,)3ci tv 1 
1I~lant of ~urntshlna~ WQF'" lB/Sa Ft 5 !lust be defln.,d It 

no rurrdst>lnps 

~ul t!~t Icat.icf'l foctor ~lJL T 1 Nt'n-negatlve Z , 
~hof'! r:umbers i 

, 
I I 

Pf€r.u~ r.u:, ber above PlEN I 84 
SO'3ce 

Surface tyro. 1 ;:SU~Fl 0-3 0 none Defa .. It · 0 
1 f J o~r I I 2 co I II "q, 

I 3 furnlshl:l9S 

! ;:::~s~ons~ I I ! 4"3ctcr Inde~ >OJ. l-NR ES I i ~f surface 1 1 I , I , I ! 

Area of ~urf~c~ 1 , , 
1 

SUo face tv!:e 2 FSURfZ I 

Resf'lonse f~ct.::.r ll'dex I 1'02 I I 
of surface 2 

j I t rc a of surface 2 AFLCR(J.2l Sq Ft 
I I 

I 

~urf2ce ty"e :3 f StlR i'3 

Pes-p{'tnse fact<>r I"dex F1l3 
of surface 3 

I Area of surface :3 AFL!1R{o,3 ) $q Ft I 
~Il>ranu .. erlc naMe 30 characters I descrll,t)r.n of Sl)-ace 



O:l 
I 

U1 
IV 

l ,=AJ:NG ! I ,)il!)E'l. I Cm.Ui'SS 

I 
SIZo' 1-!0 

1~-20 

21-3() 

1 31-40 
j ! 

SHe t I-HI 

11-20 

I I 21-30 

I l 31-40 

I I 4!-~C I 

I 51-60 
f 
L-
j S12D' !-le 
f 

11-20 

21-30 

31-60 

Sl?Z 1-3 
I 

I 

SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

P;PUT V.h~It51E II'ROGRM I I DESCRIPTION I SY~SOl UNITS UNIT VALUES CODE EXA~PlE CCIIIIENTS 

1 
toads space nU/TIb-er SPACNI16. I NS!'Al I 

K!'llll6J 1 j 
1 SPH" belO" Plenum IV5 T NSPAl 
1 

PlenulII .1.( flow CFi'1P CHI Default a 0 

1'.n schedule IVON 

1 I ['.fault • 0 
I ! ! i I 

I Sur face type 1 FSURFl 0-3 I o.:none 

I 
Default· {) 

I 
1. noo' 
2'ce/llngs 
3'furnlshlngs 

l Pes~of'\se factor Index F01 1 1 
I-NRES I i of surface 1 I 

Area of surface 1 AFlORIJ,l) SQ ~t 
, 
i 

f Surface ty~e 2 FSURF2 

ResPC'i'\$e f ac t or lndex FDZ I i I I of slirfrtce 2 i j I I 

I ~rea of surface 2 j AFLORIJ,Z) Sq Ft 

I - " 

I $urf2ce tyoe 3 FSVf?f3 ! I 
Qespnnse factor Index FD3 ! of surface 3 

Ar~a of surface 3 AFLORCd,3) $q Ft I 
~lphanu","rlc ZtUI'E ~30 characters 

Nu:t'ber of EN GI GEN sets NENG 0-5 Default • C 
If e Qua I to 0 
SkIp Sl3A - Sl3S 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

I PEADING INPUT V~RU!!LE PROGRAM 
1 EXA/lPL E I ,oROoK COUJ~NS OFSCRlpTION SYMOl UNITS JNIT V~lUES eOOE eOMtiENTS 

~1"?EAT Sl3A if'l>OiJGti $13C NEj\G TIMES 

Sl3A 1-3 ! E'lG/GEN S 1 "'u \ at Ion ! reGOp 0 to 1 O-Internal curves 0 Defou! toO· 

1 
t ootlon code used 

l-user-deflned 
curves used 

I 4-13 Nu:r.be,. of thls type ~4 1-.5 Default - Z 
of ENG/GE:: sets 

1'0-23 iy;><, of ;:NC/GEN 
, 

I 
f 

>;"t f!5 1 or Z l-d leS1!l 1 Default ·'.1 
I Z·g8S J 

24-33 I fNG/GfN set cap3clty ECCAl' 1('0/ Oefauit-500.0 ](11 

3~-43 J !<eatiM \'21u(' diesel HlIOFl' 8TLI/GU 

1 I tlefo,,1 t-l~,.oCl) 
j fuef HUtGAt. 

~~-53 I Peale load -ruel Input €fUfl GAlfHr 

J 
Oefaul-t • () 

or 

{ 
.. 

f 
Cub J.e: -HIll 

1 1 , 
SUI.' 1-1-0 -~-;''E'r~'a'·nt2'J~ rfJe~ EFPC'T .. .Default ~ 0 i 

1 1 CC11stl",ptlo.n 111 Idh 

1 1 11-2() 1 Perc-ef'lt fuel C<>flsu""tlotl EFPC.T -% 

j j .. 40 l57. lead 

Zl-3il ?'!rc~l".t. fuel CC1\su"",,t; ''''i EH'CT % - 1 
1 ~~ "5Oy. l!1ad I ~ 

j , 31-4'() P ar:cent fue~ -consu!Tl;:Jtlon EFPC1 % 

I 
1 at 75t l-cad 

41-50 j-percent fuel l:onsulIIPt I on €FPCT 1: 
at 10C! load 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

~::AO!NG IN?UT VARUSlE P~OGRA'" 
ORDER CUlUlINS DESCRI?T101< S'!MSOl UNITS UNIT VALUES CODE EXAMPLE COM~EI'TS 

S13C 1-10 I F:.:i t load h~at EQ,AK KSTU/Hr 
I • Default . 0 

1 r~co\'"cry rate 

11-20 I fercelltage heat EooCT % Oefault - 0 
• f"ec~yery at Idle 

21-30 Pereent heat rec-overy EepCT % 
at .?:;t 103': 

I 31-40 Pe-rce'nt Meat reeo'Ve-ry EO?CT J: 1 at 501- \026 . 
l 

H-50 Pe-reen'" heat -reco-ver-y EoPCt 1.: 
at 75% loa<! 

1 51-60 r-e-rc-ent l>ellt r-e-c('lvery rOPCT " I j 
at 10.0'- load 

f 514 j 1-3 NU!r.ber of bo 11 e,.~s NBOll Z Default c'l 

I l If elluaJ tc () 

, Skip S14A-S148 

rPfl>EAT 514A AIlO S14B NBOH TIMES . , 1 O .. fauJ t 
1 I 51H 1-3- aoller con:pollent OBOfT 0 or 1 ~O-Internal c~rv~·s: -C I 

I shuiatlon optIon code l-user-deflne<l 

I curves , 1 

1 7-1-6 Number of this type NUf',S 1-5 I Def~u:t - I .. of ~o Iter 

17-26 Size "f boiler 518 "'BH 350 

21-31 HOll!' of scasot'la f eON l'<lur of o-en4 {) If left 0."0,. 

J boiler start-up year boi ler Is -8y~1 f-
ab!" for ent Ire 

I year 

32-36 Hour of se2sol'l.1 SOH 0-$784 0 
boll er sutdo"" .LE .BON 

37-46 Source of "eatIng 113 l-~ I-gas 1 Includes heatIng £ 
energy ~-"11 pre-hO! at I IIll colis, 

3~steam baseboard ro<118-

1 
4-.,leetrle tl on and t locT 

oan-el !>eatlng 



OJ 
I 

VI 
VI 

~E.t.OING 

OR eEl< 

1 
S14R 

I 

I 

I S15Z 
I 
I 
I REP EH 

S15A 

SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

INPUT VHIABlE PROGRA~ I CGtU:'!"S OEScoIPiIDN SY~SDL . UNITS UNIT VALUES ((,OF EXA~PLE 

47-56 Source of reheat cell AREHT 0-4 a-same as boll~r 1 
energy 4-e:ectrlc 

resistance 

! 57-66 HeatIng v3fue HVHD BTU/GAl Non-negative 147,000 
heating c i I I I 

j 1-10 Bo j ; er ~a ... t Load per- BPl % 
for::,,~rc~ at OT- load I 

11-Z0 Bo! I er Par t Load 
I 

per- BPL % 
forJf!anc~ at ZO~ load 

21-30 Bo r r €'r P or t load p~r- BPL % 
fOrI!l3f'c:e at 401 l03d 

I 
31-40 I Bo I I er Part Load per- lIl'l % 

1 formanc-e at bOt load 

I 4~-50 So iter Part Load per- 8PL I Yo 

I for:nance at eC:1 load I 
51-bO Bo I I er Part Load per- 8Pl !: 

rormance at 10C1. load 

I 

I 
1-3 I N~~ber of chillers NCHIL 

! 
0-5 

I I I 
~ 

S15A THROUGH S15G NCHIl T,I'ES 

j 1-3 ChIller component leOPT 

! 
0 or 1 

I sl",ulatl~n cede 

I I 
I 

7-16 Type of .chlll er 111 0-5 O·nc~e I 1-reclprocatlng 
Z-her .. etlc 

centr!tu9gJ 
3·o~en c""trt fuga' 
4-ste;zf'll absorptlof' 
5-centrlfugall 

stea!O turbine 

CC~"'tNTS 

Default value -
150,000 ~ TUnAL 

1 

O~fauJ t . 1 
If eou at to 0 
SUo S15A-S1SG I 

Dehu. t . 0 

Default - 1 , 

i 



OJ 
I 

U"I 
0"\ 

SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

DP'1)ER I COLU~NS OESCRIPT!ON SYM9Ct UNITS UNIT VALUES CODE fXAI'~LE CO~~ENTS 
Pft(\!l;G INPUT VAQI tHE PR()G~A~ -1 
r-~l---r--------~----r---~----~----~----~_~ __ __ 

SIS... 17-ZI> Nu~ber of thls typ~ 
-:If critter 

I 
I 
! 

I 
I 
i 
1 
i 
j S159 

I 
j 

S1Se 

27-36 1 Si,e of chi i ler 
j 

37-41 ! Hour of ~ea.on.' 
cr,l Iler start-up 

I ~CU~ of seaSO~3! 
I c~ III er shut-do .. n 

I 

I 
i-IO 

j 
! Source 
~n.ergy 

of chiller 

, 

! t 11-20 Mir:li1ur.. part .-oad 

! 21-30 
I 
i 

1-3 

cr.ifier -cut-off 

IChi1lecl'ator set 
j po!nt telf:peratute 

! 
condo temp points I 
~u",oer of ca?cI tyl 

I KEPEAi 5150 ~AX9D TIMES 

NU/'!C 

SZC 

I ICON 

1 ICOFF 

I 
j 

I 
! 

FFLMN 

TlCH~ 

MAX9A 

I TONS 

I 
J 

Hour of 
year 

Hour of 
year 

1 I ~ 

Oeg/;: 

1-5 

i 
0-8784 

, 

0-8784 I 
1 

1-" 1 
! 

0-100 I 

0-5 

:.co.o 

21~1 

5B33 

z 

20 

44 

C~hu't " 1 1 
1 

~ ~ 
( Oefau; t • €7f:5 ~ 
I w~'c~ caU~p~ I 

,chII!er ('1(311;'0-i';- II 
i ltv fro~ CON thru 
~ .,,;j or year I 

I 

Oef.C1lt a 10% 

1 Def~urt • 45 C~~/F 1 

I 
Oefault • 0 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

r '~f.J!>:s-1 1 IN"UT 'JAPIHILE P~O:;RAP" 

EXAMPLE I 1 
I r ORl'cP ! CNV~,~S i DeSCRIPTION SYMBOL UNITS UNIT VALUES CODE COMr.E~TS 1 I 

r 
S150 1-10 I C h II I er capacity CCt.!' TONS 150.0 O~fau It • C 

~olnt 

I 11-20 I l~avtn? condenser I TCONl Deg/F I Default · (> 

~ 
I 10.1 at ei temp for 

I I C 3p a.c i t y point 
I 

I S15E 1-3 NUP,loer of power/cond MAX9B 0:-5 3 Default · (l l I t.",!> points 
I 

. 
f l'EPEH S15;: !olAX9~ THiES 

f S15F 1-10 j Chiller I>O",er pot"t CCPl/R KII or LB :lefau It · ('; 
J lIf s te 3;" 

I 11-<0 1le8"'ln~ con<lenser TCON2 DegJF £eftutt • 0 I 1-
~at~r t£~pe~ature 

I for PO""'" pGlnt 
! 

I 11"",:oer rC T 
~ j i Si5t; 1-3 p"ak FOwl I'IAX9t 0-5 

1 
~ i Ce :eat.l1 t · c 

I 
j PtT i D~d 

I 
I>EPEH S15H IUX9C TI1!ES - .. 

-SBH 1-10 Perc.entalle chliler 1 
cppp 

1 
Oefautt · {) 

PC 31< ~Ower point 

I 
11-20 Pereent3"Qe" .of chiller CPH I j}efau-l t • {) 

peai'< load point 

S16Z 1-3 "ulI'ber or c1l0 ling 'NCTWR 1 rr ec;ual to {) 
tOiler's Sk I p S16A-S16J 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

HAOYNG INPUT VA~U3lE PROGUII 
:JRDH' CCLU~NS OFSCRIPTrO>l SYI'!B Dt UNI-TS UNIT VALUES CODE EXA"Pl E CQIH'ENTS 

S16A 1-3 Cooling to",~r leTa?T {) cr 1 O-I"ter".' curves I slml.tlcn code used 
1-user defined 

curves used i 
I I I Default-7S geg/F 

1 
7-16 Coolin; \'owc-t' ... ter HCroN Oeg/F 1 75-90 SO 

Ie>' I~", It t".~p 1 
17-26 C-ondense-r water te,.p TC~IS Oeg/F 1 5-20 llefault - 10 (-Ise 

27-36 Co('II:>9 l CTJ>1<\I 
, 

Default - 0 tOl'e. pe.~ 1<11 
~ o~"'er 

~ 

{ SIeB 1-3 ".Nurr-b1!r -ccnd IITRJ!./11l -MAX90 0-5 

1 
De f-o...,1 t - 0 

1 
j t=3T poipts 

, 
i 
::=?~AT 51-61: "AX9D ,IrES I 

1 

1 
S,6C 1-10 1 Leaving tower ".ter Crill Dp.~J'F Default • '0.0 

_ tEaperature point 

I 
ll-?O 1 A",bJ ent ... t-b:Jlb T\i81 1 Deg/f i Default • 0.0 

1 
I 

I I I I . ~ 
\ I 

POi:'!,- - 1 I i 

1 j j 1 
1 !lefault 

1 
5160 1-3 Nu~be; ?CT I~adfeond I1AX9E 0-5 • 0 

" .. \Ill' ;:<!",p points 

;tIEPEt.T $!~E I1A)'~E jI~ES 

I SlbE I 1-10 I Change In leaving - OCllll Deg 11' I Default -0.0 
. tc~er water .te~p for 

pc:rt loa" ~ 

11-20 Part load A CTPU 1- Oefaul t • 0.0 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

~EA~rNG 

cOLu~Nsl 
INPlJi If AP.!!.BLE PROGRAM ! 

1 
! 

G~CER DESCRIPHON SY~BOl UNITS UNIT Vt.lUES CODE EXA~l>lE C O~HNTS 

$lbF 1-3 
j 

tlu"'ber peT oeak POIII MAXQF 0-5 O~faul t · 0 j 
I cond \IT? te,,? points 

I I 
REPEAT S16G "IAX"F TIr.;:S 

! 1 
S16G ~ ",""' ,,""' '" CTPPO % Default « C.O· 

O~3~ ~o~er pol~t . 

I 
11-20 1 Le~vl"!l to""r .ater CT~l2 Deg/!' Default · 0.0 __ l . te~~eratu~e ~~;nt 

SUli I 1-3 i Na~b.r of pe.~ 11I.X9G 0-5 Default · f) 
1 

j RO~/PCT load pOints 

. c T -" . " TM-

f---
i SH.J 1 

1-10 
j 

OCTPP I I i <:hzl"lqe in tower ?CT % Oefault • O.C 
pe3~ po~er for part 

I 
j load E 

11-20 

1 
Pzrt load 8 

1 
CT?lZ 

1 
7; I t'efau(t · c • .Q 

t 1 , I 

1 I I t;"",ber 1 
- I 5277. 1-3 CX/he:lt Putrl~S NDXI1P 1)-6 

1 Cd'ault • 0 1 1 
I.:'PEAO S174 TH:;OUGP. S17F NCXHP 111<:5 

j 
Sln 1-3 ;;,,It type ~nd-ex IOXHP 1 ot" 2 1-0X 

I 2-Heat' 

7-16 • Oe~l<ln "ooIJr.p I .DeCl.p KSTU/H .. Default • 0.0 

I 
j ,c2"?acity 

I 

17-20 Oesl(:n <>-Oollng DepOw 1<11 tlef.ault • 0.0 
1)O"'e-T 



tp 
I 

0"1 
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I 
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I 

, 

SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

PO'~'Nr. ! I !N?~T VARIA~lE PPCG~A" I 
EXA/<PlE I c' :_~R I c OLU-~N S 1 !)ESCR!?TION Sy~aDL UNITS UN!T Vtt~ES COOE 

S17~ 1-3 Numb~r cooling d2t a NCHP 0-5 1-
~o~nts 

QE4D S17e ~CHP TPES 

I -j I I S17C 1-10 j~olent dry-bulb TREFC OegfF 
tp.!T'.:>erature at 
point A 

J 

11-20 I PCT of cosl;" cooling I ?VCCA :t 0-1 .25 

I capacIty ~r 3~blent 

t,:!rrp A 
I 

I 21-30 I PCT of desl"n cooling ?VC?O % 

I 
0-1 I .25 

1 cO'lo!er at 2~hient . 

I J.te-mp A 
I 

$17D 1-10 I OeslGn ~eating DHCAP KPTUfHr \ 
IC2:'-'2clty 

I !1-20 De s i qn heating po,",er OHPO. Kli I I 
; 

C::!7F ! 1-3 j NU,"~.T heatlna data NH"P 0-5 1 
i point" - I j 

READ S17F ~:'iHP nl<Eo 

S17F I 1-10 Ambient dry-bulb tetl'lo TREFH 
at point B 

11-20 pcr of deslan heatln~ PVHCA % 0-1 .2.5 
ca~.clty at a:r-blent I temp B 

21-S0 peT of deslgn heating I>\1HPO % 0-1 .25 
power at all'blent 
tell'p 6 

) 
Cn'~wEf.,!rs i 

I 

O.f.ult · 0 

I 
/ 

,,,.~ 

Oefautt · 0.0 1 
1 

Default · 0.0 t 

I 

C!:faut t · C.O 

Detaul t · 0.0 

Default · 0 

J 
I 

Default · 0.0 

Default · 0.0 



SYSTEM ENERGY SIMULATION PROGRAM INPUT INFORMATION 

I HAD!NG 1 1 I 1 

UNITS I j e;fAIIPLE I INP'.'T VAPHHE ?-ROGRAM 

1 
' O<D::~ COLUMl-:S. Dl:SCRIPTI:;r~ 1 SY~8{lt LIN IT VALUES CODe CO~l"E:-'lTS 

I • I ! 1 I 
-518A I I : , 

1-10 Total water 1>0 i I er HDlllP Ft Non-negative 50 Default - 50 , 
PU:!'t' hea.d 

11-20 Totzl chilled water liDClP rt Non-negative 40 Default - 40 
.['.oljr.'P head 

21-30 total c-ondenser Hater HDCNP Ft Non-negative 30 I De fau'l t - 3D 1 . 
'PU'fPp h~ad 

~ , 

J 
31-40 Fa-n and PUII'P lI'ot-ef" EFF % 1-100 :lefault - 857-

efflclency 

j 
-51 <lZ 1-3 NUII'ber l'roeess toads NPROC 1-10 IF EOUAL Ttl 0-

1 
1 j SItH> )lqA ! . I , 
~H3 S19A N?~().r. THIES 

j 

1 1 Peak 

1 I S19.4 1-10 f03d PRJ>J< l'lBJ.I o. !l"fau~t • 0 .. 0 
j Xli 

I . 
11':21) E.n ~rgy sc-.. ree code lPREH 0-4 O#l ndlrect _!>rocess 

J 
aehult · () 

J 
-1 

t 
l-QU 

1 l-he3t-lno oil . 3-?UTChased stear. 1 i j 
j 1 4-e!ectrlcit-y 

I j 
1 

1 
f 

1 
21-30 !J:>eratl"9 -schedule r!>~s.c 1-10 j C'!rault · () 

1 
SitOA 

1 
1-1'0 !lQII~r s"J>P~ '1/absorp- i PESTl'1 PS!G 2-12 12 1 1 t l-en chiller PlIter I ng , 

1 : :~r!" pr~!':"s.t:r~ 1 I 
I ll-ZO 'c tier su-Op1'!lab!>OTr'- TESTII Deg/F 245 j i t-ian criller entering 
I Six te."."er .ture 
i 

21-3C $:eam turbIne entering PPS I PS!G 125 Default vatue ! 
sn~ pres!'ure I 

31-40 St~a", turnln. enterln~ TPS Deg/F 353 PPS-125 PSIG J STI" te:r.perature TPS-353 Oe91"F 

41-50 Ste.", tutblne speed RPM PPM 3500 Oefault-36CO RPM I 



to 
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SYSTEM eNERGY SIMULATION PROGRAM INPUT INFORMATION 

PEAO INC I l INPUT VAP1t~tE PROGIIAK 
CPDEF Ie OLU,UNS I DESOrPTION SY1'MIL UNITS UNlJ VllUES COOt HAH1'LE 

S2013 I ".1-10 fxter!\~l lIghtIng PClI PIIOl K'tI I I 
11-2~ jrvpe of fleor 

I , 
FLVC 

I 
1-3 l-ca.ncrete .z 

c;)Verln9 z-t 11 e 

I 3-c.arpet1ng 

21-30 1ffeor tnscl3tlo~ 1:INSt Brtl/Hr J roniluct'l'Ce So .ft - -
Deg/F 

31-40 IFlcor Insulation DINSL ft 
th i<:l<ness 

_. 
COMMENTS 

Default • 0 , 

Def.ult _- .1 

Default - 0.0 

I 

Default - <l.O 



APPENDIX C 

NECAP DATA FILES 

UNFORMATTED 

The hourly loads are written to an unformatted file caLled ANADT. ANADT 
is written by the Thermal Loads Analysis Program (TLAP) and read by the 
Systems Energy Simulation Program (SESP). The building data used by TLAP is 
also written to an unformatted file called INIDT. IN~DT is read by SESP to 
initialize the building data and, if desired, size the equipment. 

These two files are stored on mass storage when running TLAP. They may 
be saved on tape or disk. Using these files, the user may simulate many types 
of control strategies without having to run TLAP for each SESP run. 

The systems loads computed by SESP are written to a file called TAPE3. 
The data may be formatted or unformatted. The formatted version will vary 
depending upon the user's needs, therefore it is not documented. The 
unformatted version is documented so that a processing program could be 
modified to use the hourly data generated by SESP. 

C-l 



, 

I 

FILE INIDT 

VARIABLE DESCRIPTION 

Job Description Variables 

IDENl Facility name 

IDEN2 Facility location 

IDEN3 Engineer's name 

IDEN4 Project number 

IDENS Date 

Building Surface Description Data 

NRF Number of types of response factor surfaces 

(for each surface type) 

NRFT Number of response factor terms 

Rl Common ratio 

RX 

RY Surface response factors 

NDBNumber of delayed surfaces 

(for each delayed surface) 

IRF 

AD 

NQB 

Response Factor type index 

Surface area, sq. ft. 

Number of quick surfaces 

(for each quick surface) 

ISQ 

UQ 

AQ 

Surface roughness index 

Surface U-factor less outside film coefficient, 
Btu/hr-sq ft- of 

Surface area, sq. ft. 

C-2· 

I 
I 

I 
i 
1 



FILE JNID'l' 

~ARIABl.E DESCRIptION 

NWB Number of wirtdows 

(for each window) 

NPW Number of panes of glass 

AW Window area, sq. ft. 

(for single pane windows) 

REI 0.5 inside film ~esistance 

REA 0.0 interpane resistance 

R REI + REA total resistance 

UGW 1.0/R U-factor 

(for multi-pane windows) 

REI 0.5 inside film resistance 

REA 1.6 interpane resistance 

R REI + REA total resistance 

UGW 1.0/R U-factor 

.' 

NIHT Number of internal heat tran$fer surfaces 

(for each internal heat transfer surface)' 

ISPCll 
ISPC:J Spaces connected to sureace 

FIHTS Surface U*A, Btu/hr. of 

NUFB Number of underground surface~ 

(for each underground surface) 

AUF Underground surface ~rea, sq~' ~t. 

FUF U-factor, Btu/hr-sq .ft- ~r 

C-3 



FILE INIDT 

VARIABLE DESCRIPTION 

Zone Description Data 

FOLK Fraction of people for spac~ 

NS Number of spaces in building 

(for each space) 

ND 

NQ 

NW 

NIHTS 

NUF 

IMULT 

Number of delayed surfaces in space 

Number of quick surfaces in space 

Number of windows in space 

Number of internal H.T. surfaces in space 

Number of underground floors in space 

Space repetition factor 

Floor area, sq. ft. 

Space volume, cu. ft. 

Set point temperature, of 

Weight of floor, lbs/sq. ft. 

Loads schedule index for people 

'FLORB 

VOL 

,:[,SPAC 

WOF 

IWOP 

ID Index associated with each of Nb delayed surfaces 

IQ 

IW 

IRTS 

IUF 

MSTRT 

NDAYS 

IMAX 

ISTRT 

lEND 

Index. associated. with each of NQ quick surfaces 

Index associated with each of NW windQws 

Index asscciated with each of NIGHTS internal H.T. 
surfaces 

Index associated with each of NUF underground 
surfaces 

Run Description Data 

Starting month, 1 to 12 

Number of days 

Number of hours in each month 

Starting hour of analYsis, 1 to 8760 

End hQur of analysis, 1 to 8760 
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FILE INIDT 

VARIABLE DESCRIPTION 

Peak Loads Description Data 

PWBIL Peak base power for the building 

(for each space) 

CCpy Peak cooling capacity 

HCPY Peak heating cpapcity 

QPLMS Plenum return air load summer 

QPLMW Plenum return air load winter 
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FILE ANADT 

VARIABLE DESCRIPTION 

For each hour the following data is available: 

HIOUR 

IMOY 

IDOM 

NDOW 

IHOD 

ISUN 

TOA 

TWB 

VEL 

WOA 

PATM 

DOA 

HOA 

JSC 

CCM 

RON 

Hour number, hour of year 

Month of year 

Day of month 

Day of the week 

Hour of the day 

Sun index which indicates whether or not the sun is 
up (0 = sun up; 1 = sun not up) 

Outside air dry-bulb temperature (OF) 

Outside air wet-bulb temperature (OF) 

Wind velocity (knots) 

Outside air humidity ration (lb water/lb dry air) 

Barometric pressure (inches of mercury) 

Outside air density (lbm/ft3) 

Enthalpy of outside air (Btu/lb dry air) 

Day type (i.e., weekday, Saturday, Sunday, Holiday, 
Xmas) 

Cloud cover modifier 

Solar Radiation (horiz Btu/hr) 

For each zone, for each hour, the following data is available: 

IS 

QS. 

QL. 

QLITE. 

SLPOW 

QSINF 

QLINF 

Sapce number 

Zone sensible load (Btu/hr) 

Zone latent load (Btu/hr) 

Zone lighting load picked up by return air (Btu/hr) 

Zone internal lighting and machinery power 
consumption (KW) 

Zone sensible infiltration load (Btu/hr) 

Zone latent infiltration load (Btu/hr) 
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! 
IVARIABLE 

FAC 

CITY 

ENGR 

PROJ 

DATE 

ISYS 

KMAX 

IHSRT 

IHSTP 

lFor each hour 

IHOUR 

IMOY 

100M 

IHOD 

ITOA 

1TWB 

WOA 

PATM 

DOA 

TNFBP 

TABCD 

BGAS 

OILH 

DEFINITION OF lAPE3 OUlPUT tAPE VARIABLES 

FILE TAPEl 

DESCRIPTION 

Facility 

Location 

User name 

Project ID. 

Date 

System Combination No. 

No. Distribution SY$tems 

Start Hour (hour of year) 

Stop Hour (hour of year) 

Current Hour (hour of ye~r) 

Month of Year (1 - 12) 

Day of Month (1 • 31) 

Hour of Day 

Ambient Dry-Bulb Temperature (OF) 

Ambient Wet-Bulb Temperature (oF) 

Ambient Humidity Ratio (lbs-HZO/lb-dry air) 

Barometric Pressure (in Ug) 

Ambient Air Density (lbm/ftS) 
Total Net Fan Brake horsepower (bhp) 

Total Power of Building (KW) 

Building Natural Gas Requir~ment (therms) 

Building Heating Oil Requirement (gals) 
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FILE TAr~3 

:VARIABLE 
! 

DESCRIPTION 

IFor each Fan System 

I 
I 
1 
I 

\ 
I 

KFANk 

QKC1t 

QKHk 

QKKWk 
PWL~ 

H20~ 

ZERO 

TKHLk 

TKC~ 

Energy Distri~ution System Type No. (1 - 13) 

Sys tem CooUng Requirement (Btu) 

System Heating Requirement (less elect.resist. 
htg.) (Btu) 

Electric Resistance Reheat Requirement (Btu) 

Base Power Requirement of Zones serlTed by this 
system (KW) 

Base Power Requirement of Zones served by this 
system (KW) 

Reserved (:;;0.0) 

Hot Deck Temperature or AHV Leaving Temperature 

Cold Deck Temperature (oF) 
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APPENDIX D 

NECAP WEATHER 

Tbe weather data provided by NECAP 4.1 contains 63 weath.r 
stations. Each provides design conditions and hourly data for 

. one year. These stations and their local data are listed 
alphabetically by state and then by city in table 0-1. 

NECAP uses environmental conditions to compute heating and 
cooling loads. The data may be design day conditions or recorded 
hourly data. This appendix describes: 

1. Default design weather conditions used by L2 and L3 cards 
(see Table D-I). 

2. The format for the weather station file (see Table D-2). 
3. How to generate the file from NOAA-1440 tape or TRY tape. 

Originally NECAP read either a NOAA-144010 year weather 
tape ora modified tape having only the data used by NECAP. In 
RECAP 4.1, the weather file was constructed with design day 
values placed at the beginning of .the weather data file. The 
appropriate design day data can now be taken from tbe file for 
the selected station and used as default values for the L2 and L3 
cards. The data can also be d~mped to a line printer if 
desired. The weather data base is stored on magnetic tape, but 
stations used frequently are stored on disk •. 
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~IRMINGHAM AL STATION NO 13876 
DEGREE DAY 2551 

FOR THE YEAR 1965 (365 DAYS) 

LATITUDE = 33 CLEARNESS NO (SUM) = .91 TIME ZONE = 6 
LONGITUDE = 86 CLEARNESS NO (WIN) = .91 ALTITUDE = 610 

DE~IGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
94.0 21.0 72.1 5.0 

WINTER: 22.0 3.0 18.0 8.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
54 54 56 59 66 71 76 74 72 70 65 59 

HUNTSVILLE AL STATION NO 3856 
DEGREE DAY 1983 

FOR THE YEAR 1959 (365 DAYS) 

LATITUDE = 34 CLEARNESS NO (SUM) = .90 TIME ZONE = 6 
LONGITUDE = 86 CLEARNESS NO (WIN) = .90 ALTITUDE = 697 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
94.0 19.0 67.1 7.0 

PHOENIX 

WINTER: 20.0 3.0 9.2 12.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
48 48 50 54 60 65 70 70 68 64 58 52 

AZ STATION NO 23183 
DEGREE DAY 1765 

FOR THE YEAR 1951 (365 DAYS) 

LATITUDE = 33 CLEARNESS NO (SUM) = 1.10 TIME ZONE = 7 
LONGITUDE = 112 CLEARNESS NO (WIN) = 1.10 ALTITUDE = 1117 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
107.0 27.0 .63.1 5.0 

FRESNO 

WINTER: 34.0 3.0 31.0 5.4 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
58 58 60 61 68 72 77 76 75 74 69 63 

CA STATION NO 93193 
DEGREE DAY 2611 

FOR THE YEAR 1951 (365 DAYS) 

LATITUDE = 36 CLEARNESS NO (SUM) = 1.07 TIME ZONE = 8 
LONGITUDE = 119 CLEARNESS NO (WIN) = 1.07 ALTITUDE = 326 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DE~ PNT WND SPD 
100.0 34.0 58.8 8.0 

WINTER: 30.0 3.0 27.0 5.4 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
57 57 58 59 65 71 76 75 74 73 68 62 
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~----------------------------~,----~-~.------------~---------~ 
LOS ANGELES CA STATION NO 23174 

DEGREE DAy 2061-
FOR THE YEAR 1973 (365 DAYS) 

LATITUDE = 34 CLEARNESS NO (SUM) = 1.05 TIME ZONE = 8 
LONGITUDE = 118 CLEARNESS NO (WIN) = 1.05 ALTITUDE = 99 

DESIGN DAY 
SUMMER: 

DRY aULB, TMP RNG "DEW PNT . WND SPD 
80.0 15.0 60.3 6.0 

WINTER: ' 43.0 3.0 40.0 6.4 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
66 66 68 71 78 82 87 86 86 85 79 72 

SACRAMENTO CA STATION NO 23232 
DEGREE DAY 2502 

FOR THE YEAR 1962 <365 DAYS) 

LATITUDE = 38 CLEARNESS NO (SUM) = 1.06 TIME ZONE = 8 
LONGITUDE = 121 CLEARNESS NO (WIN) = 1.06 ALTITUDE = 17 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
98.0 36.0 55.8 7.0 

SAN DIEGO 

WINTER: 32.0 3.0 29.0 7.2 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUO SEB OCT NOV DEC 
66 66 68 71 78 82 87 86 86 85 79 72 

CA STATION NO 23188 
DEGREE DAY 1458 

FOR THE YEAR 1974 <365 DAYS) 

LATITUDE = 32 CLEARNESS NO (SUM) = 1.05 TIME ZONE = 8 
LONGITUDE = 117 .CLEARNESS NO (WIN) = 1.05 ALTITUDE = 19 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
80.0 12.0 63.9 7.0 

WINTER: 44.0 3.0 41.0 6.4 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
66 66 68 71 78 82 87 86 86 85 79 72 

SANFRANCISCO CA STATION NO 23234 
,DEGREE DAY 3015 

FOR THE YEAR 1974 (365 DAYS) 

LATITUDE = 37 CLEARNESS NO (SUM) = 1.05' TIME ZONE = 8 
< LONGITUDE = 122 CLEARNESS NO (WIN) = 1.05 ALTITUDE = 8 
H 

~ o DESIGN DAY DRY BULB TMP'RNO DEW PNT WND SPD 
~ 

H SUMMER: 77.0 20.0 53.1 12.0 
~ WINTER: 38.0 3.0 35.0 7.5 

GROUND TEMPS: JAN 'FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
'57 5758 59 65 71 76 75 74 73 68 62 I 
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;:l WASHINGTON 

~ 
DC STATION NO 13743 

DEGREE DAY 4224 
FOR THE YEAR 1957 (365 DAYS) 

8 
~ 
~ 

~ 
~ 
E-4 
tf.) 
I-f o 

LATITUDE :; 38 ," CLEARNESS NO (SUM) = .97 TIME ZONE = 5 
LONGITUDE:; 77 'CLEARNESS NO (WIN):; .97 ALTITUDE = 14 

,DESIGN DAY 
SUMMER: 

DRY BULBTMP RNG DEW PNT WND SPD 
91.0 18.0 71.3 5.0 

WINTER: 17.0' 3.0 14.0 7.8 

GROUND TEMPS: JAN FEe MAR APR MAY JUN .,JUL AUG SEB OCT NOV DEC 
41 41 44 46 56 62 69 67 66 64 56 49 

JACKSONVILLE FL STATION, NO 13889 'FOR THE YEAR 1965 
DEGREE DAY 1239 

(365 DAYS) 

LATITUDE = 30 CLEARNESS NO (SUM) = .91, TIME ZONE = 5 
LONGITUDE = 81 CLEARNESS NO (WIN) = .91 ALTITUDE:; 24 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNO DEW PNT WND SPO 
94.0 19.0 73.7 8.0 

MIAMI 

WINTER: 32.0 3.0 29.0 9.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB' OCT NOV DEC 
58 58 63 67 75 78 81 80 80 79 72 65 

FL STATION NO 12839 
DEGREE DAY 214 

FOR THE YEAR 1964 <366 DAYS) 

LATITUDE :; 25 CLEARNESS Nq (SUM):; .90 TIME ZONE = 5 
LONGITUDE = 80 CLEARNESS NO (WIN) = .go ALTITUDE;: 7 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
90.0 15.0 75.2 7.0 

,TAMPA 

WINTER: 47.0 3.0 44.0 10~1 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEe OCT NOV DEC 
61 61 64 68 74 76 79 79 78 78 72 67 

FL STATION NO 12842 
DEGREE DAY 683 

FOR THE YEAR 1953 (365 DAYS) 

LATITUDE = 28 CLEARNESS NO (SUM) = .90 TIME ZONE = 5 
LONGITUDE:; 82 CLEARNESS NO (WIN):; .90 ALTITUDE:; 19 

DESIGN DAY 
SUMMER: 

DRYBULa TMP RNG DEW PHT WND SPD 
91.0 17.0 76.3 6.0 

WINTER: 40.0 5.0 37.0 8.6 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
61 '61 64 68 74 76 79 79 78 78 72 67 
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DODGE CITY KS STATION NO 13985 
DEGREE DAY 4986 

FOR THE YEAR 1971 (365 DAYS) 

LATITUDE ; 37 CLEARNESS NO (SUM) = 1.00 TIME ZONE = 6 
LONGITUDE; 100 CLEARNESS NO (WIN) = 1.00 ALTITUDE = 2594 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
97.0 25.0 62.0 0.0 

WINTER: 5.0 3.0 2.6 10.6 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
44 44 46 47 55 62 68 67 66 65 58 51 

LOUISVILLE KY STATION.NO 93821 
DEGREE DAY 4660 

FOR THE YEAR 1972 (366 DAYS) 

LATITUDE = 38 CLEARNESS NO (SUM) = .96 TIME ZONE ; 5 
LONGITUDE = 85 CLEARNESS NO (WIN) = .96 ALTITUDE = 474 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
93.0 23.0 72.5 7.0 

WINTER: 10.0 3.0 7.0 9.8 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB 'OCT NOV DEC 
47 47 48 50 57 63 69 68 66 65 59 53 

LAKE CHARLES LA STATION NO 3937 FOR THE YEAR 1966 (365 DAYS) 

DESIGN 

DEGREE DAY 1459 

LATITUDE ; 30 CLEARNESS NO (SUM) = .90 TIME ZONE = 6 
LONGITUDE = 93 CLEARNESS NO (WIN) = .90 ALTITUDE = 14 

DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 93.0 17 .0 74.1 5.0 
WINTER: 31.0 3.0 28.0 9 .. 0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
56 56 58 60 67 71 76 75 75 74 68 62 

~--~----------~----------------------------------------------~ 
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NEW ORLEANS LA STATION NO 12916 
DEGREE DAY 1385 

FOR THE YEAR 1958 (365 DAYS) 

DESIGN 

LATITUDE = 30 CLEARNESS NO (SUM) = .90 TIME ZONE = 6 
LONGITUDE = 90 CLEARNESS NO (WIN) = .90 ALTITUDE = 3 

DAY DRY BULB IMP RNG DEW PNT WND SPD 
SUMMER: 92.0 16.0 76.3 6.0 
WINTER: 33.0 3.0 30.0 8.6 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
61 61 64 68 74 76 79 79 78 78 72 67 
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ATLANTA GA STATION NO 13874 
DEGREE DAY 2981 

FOR THE YEAR 1975 (365 DAYS) 

LATITUDE = 33 CLEARNESS NO (SUM) = .94 TIME ZONE = 5 
LONGITUDE = 84 CLEARNESS NO (WIN) = .94 ALTITUDE = 1005 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
92.0 19.0 71.3 7.0 

WINTER: 22.0 3.0 19.0 11.7 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
52 52 55 58 67 72 78 76 75 73 66 59 
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BOISE 10 

LATITUDE 
LONGITUDE 

STATION NO 24131 
DEGREE DAY 5809 

FOR THE YEAR 1966 (365 DAYS) 

= 43 CLEARNESS NO (SUM) = 1.15 TIME ZONE = 7 
= 116 CLEARNESS NO (WIN) = 1. 15 ALTITUDE = 2842 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 

CHICAGO 

SUMMER: 94.0 31.0 49.3 5.0 
WINTER: 10.0 3.0 7.0 9.1 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
40 40 41 41 46 51 55 54 54 53 49 44 

IL STATION NO 14819 FOR THE YEAR 1974 (365 DAYS) 
DEGREE DAY 6155 

LATITUDE = 41 CLEARNESS NO (SUM) = .99 TIME ZONE = 6 
LONGITUDE = 87 CLEARNESS NO (WIN) = .99 ALTITUDE = 658 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 89.0 20.0 68.9 10.0 
WINTER: 0.0 3.0 -3.0 12.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
42 42 44 45 53 59 65 64 62 61 55 48 

INDIANAPOLIS IN STATION NO 93819 FOR THE YEAR 1972 (366 DAYS) 
DEGREE DAY 5699 

LATITUDE = 39 CLEARNESS NO (SUM) = .97 TIME ZONE = 5 
LONGITUDE = 86 CLEARNESS NO (WIN) = .97 ALTITUDE = 793 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 90.0 22.0 71.7 9.0 
WINTER: 2.0 3.0 -1.0 11.3 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
43 43 44 46 53 60 66 65 63 62 56 49 
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BOSTON MA STATION NO 14739 
DEGREE DAY 56~4 

FOR THE YEAR 1969 (365 DAYS) 

LATITUDE :; 42 CLEARNESS NO (SUM) :; 1.00 TIME ZONE :; 5 
LONGITUDE :; 71 CLEARNESS NO (WIN) :; 1.00 ALTITUDE :; 15 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 88.0 16.0 68.2 9.0 
WINTER: 9.0 3.0 6.2 12.4 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
43 43 43 44 50 56 62 61 60 59 54 48 

~-----------------------------------~----------------------~ 
PATUXENT MD STATION NO 13721 

DEGREE DAY 3538 
FOR THE YEAR 1962 (365 DAYS) 

LATITUDE :; 37 CLEARNESS NO (SUM):; .98 TIME ZONE = 5 
LONGITUDE:; 75 CLEARNESS NO (WIN):; .98 ALTITUDE = 10 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
91.0 20.0 71,7 11.0 

WINTER: 21.0 3.0 10.6 12.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUNJUL AUG SEB OCT NOV DEC 
47 41 44 47 50 56 62 69 65 62 59 53 

1--1------.. --.-------------.------------------4 
PORTLAND ME STATION NO 14764 

DEGREE DAY 7511 
FOR THE YEAR 1965 (365 DAYS) 

LATITUDE = 43 CLEARNESS NO (SUM) :; 1.03 TIME ZONE = 5 
LONGITUDE:; 70 CLEARNESS NO (WIN) :; 1.03 ALTITUDE = 61 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PN! WND SPD 
84.0 22.0 67.9 7.0 

WINTER: -1.0 3.0' -4.0 10.4 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
39 39 39 38 45 52 59 57 56 54 49 44 

l-t---------------..................... ______________ ._ ..... 
j 

DETROIT MI STATION NO 94847 
DEGREE DAY 6232 

FOR THE YEAR 1968 (366 DAYS) 

LATITUDE :; 42 CLEARNESS NO (SUM) :; 1.00 TIME ZONE = 5 
LONGITUDE:; 83 CLEARNESS NO (WIN) :; 1.00 ALTITUDE:; 633 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND gPD 
88.0 20.0 69.8 10.0 

WINTER: 6.0 3.0 3.0 12.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
41 41 41 41 48 54 61 60 59 58 52 41 i 

~-----------------------------~--~~~------------------.--~. 
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MINNEAPOLIS MN STATION NO 14922 
DEGREE DAY 8382 

FOR THE YEAR 1970 (365 DAYS) 

LATITUDE = 44 CLEARNESS NO (SUM) = 1.02 TIME ZONE = 6 
LONGITUDE = 93 CLEARNESS NO (WIN) = 1.02 ALTITUDE = 822 

. DESIGN DAY 
SUMMER: 

. DRY BULB. TMP RNG DEW PNT WND SPD 
89.0 22.0 69.4 10.0 

COLUMBIA 

WINTER: -12~0 3.0 -13.0 11.3 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
38 38 38 38 46 54 62 60 59 57 51 44 

MO STATION NO 13983 . FOR THE YEAR 1968 
DEGREE DAY 5046 

( 3 DAYS) 

LATITUDE = 39 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
LONGITUDE = 92 CLEARNESS NO (WIN) = .95 ALTITUDE = 778 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
94.0 22.0 71.7 0.0 

WINTER: 4.0 3.0 . 1.1 9.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
44 44 45 47 54 59 65 64 63 62 56 50 

I-;------------------------------------------------------~---------

KANSAS CITY MO STATION NO 13988 
DEGREE DAY 4711 

FOR THE YEAR 1968 (366 DAYS) 

LATITUDE = 39 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
LONGITUDE = 94 CLEARNESS NO (WIN) = .95 ALTITUDE = 742 

, 
DESIGN DAY 

SUMMER: 
DRY BULB TMP RNG DEW PNT WND SPD 

96.0 20.0 69.2 9.0 

. ST. LOUIS 

WINTER: 6.0 3.0 3.3 10.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
44 44 45 47 54 59 65 64 63 62 56 50 

MO STATION NO 13944 
DEGREE DAY 4900 

FOR THE YEAR 1972 (366 DAYS) 

LATITUDE = 38 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
LONGITUDE = 90 CLEARNESS NO (WIN) = .95 ALTITUDE = 535 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
94.0 21.0 71.7 9.0 

WINTER: 6.0 3.0 3.3 11.8 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
43 43 44 44 52 58 65 64 62 61 55 49 
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JACKSON MS STATION NO 3940 
DEGREE DAY 2239 

FOR THE YEAR 1964 (365 DAYS) 

LATITUDE = 32 CLEARNESS NO (SUM) = .91 TIME ZONE = 6 
LONGITUDE = 90 CLEARNESS NO (WIN) = .91 ALTITUDE = 330 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
95.0 21.0 71.3 5.0 

WINTER: 25.0 3.0 22.0 7.7 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
56 56 58 60 67 71 76 75 75 74 68 62 

GREAT FALLS MT STATION NO 24143 
DEGREE OAY 7750 

.FOR THE YEAR 1956 ( 3 DAYS) 

LATITUDE = 47 CLEARNESS NO (SUM) = 1.09 TIME ZONE = 7 
LONGITUDE = 111 CLEARNESS NO (WIN) = 1.09 ALTITUDE = 3664 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
88.0 28.0 45.9 7.0 

RALEIGH 

WINTER: -15.0 3.0 -18.0 9.4 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB.OCT NOV DEC 
36 36 36 36 42 47 53 52 50 49 45 40 

NC STATION NO 13722 
DEGREE DAY 3393 

FOR THE YEAR .1965 <365 DAYS) 

LATITUDE = 35 CLEARNESS NO (SUM) = .95 TIME ZONE = 5 
.LONGITUDE = 78 CLEARNESS NO (WIN) = .95 ALTITUDE = 433 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
92.0 20.0 72.9 6.0 

. BISMARCK 

WINTER: 20.0 3.0 17.0 1.9 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
49 49 52 55 64 70 76 74 71 69 62 56 

ND STATION NO 24011 
DEGREE DAY 8851 

FOR THE YEAR 1970 <365 DAYS) 

LATITUDE = 46 CLEARNESS NO (SUM) = 1.05 TIME ZONE = 6 
LONGITUDE = 100 CLEARNESS NO (WIN) = 1.05 ALTITUDE = 1647 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
91.0 27.0 63.3 9.0 

WINTER: -19.0 3.0 -16.0 9.1 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
36 36 37 37 45 52 59 58 56 55 49 42 
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OMAHA NE STATION NO 14942 
DEGREE DAY 6612 

FOR THE YEAR 1966 (365 DAYS) 

LATITUDE = 41 CLEARNESS NO (SUM) = 1.00 TIME ZONE = 6 
LONGITUDE = 95 CLEARNESS NO (WIN) = 1.00 ALTITUDE = 978 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
91.0 22.0 72.1 8.0 

WINTER: -3.0 3.0 -6.0 9.7 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
40 40 41 43 51 58 65 64 62 61 54 47 

ALBUQUERQUE NM STATION NO 23050 
DEGREE DAY 4348 

FOR THE YEAR 1959 (365 DAYS) 

LATITUDE = 35 CLEARNESS NO (SUM) = 1.10 TIME ZONE = 7 
LONGITUDE = 106 CLEARNESS NO (WIN) = 1.10 ALTITUDE = 5310 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
94.0 27.0 45.9 8.0 

ALBANY 

WINTER: 16.0 3.0 13.0 7.3 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
58 58 60 61 68 72 77 76 75 74 69 63 

NY STATION NO 14735 
DEGREE DAY 6875 

FOR THE YEAR 1969 (365 DAYS) 

LATITUDE = 42 CLEARNESS NO (SUM) = 1.00 TIME ZONE = 5 
LONGITUDE = 73· CLEARNESS NO (WIN) = 1.00 ALTITUDE = 277 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
88.0 23.0 68.2 7.0 

BUFFALO 

WINTER: -1.0 23.0 -4.3 10.0 

GROUND TEMPS: JAN FEB MAR APR MAYJUN JUL AUG SEB OCT NOV DEC 
41 41 41 41 47 52 58 57 55 54 50 45 

NY STATION NO 14733 
DEGREE DAY 7062 

FOR THE YEAR 1974 <365 DAYS) 

LATITUDE = 43 CLEARNESS NO (SUM) = 1.00 TIME ZONE = 5 
LONGITUDE = 78 CLEARNESS NO (WIN) = 1.00 ALTITUDE = 705 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
56.0 21.0 ·67.4 12.0 

WINTER: 6.0 3.0 3.0 17.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
~1 41 41 41 III 52 58 57 55 54 50 45 
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NEW YORK NY STATION NO 14732 

DEGREE DAY 4871 
FOR THE YEAR 1951 (365 DAYS) 

LATITUDE = 40 CLEARNESS ~O (SUM) = .99 TIME ZONe = 5 
LONGITUDE = 73 CLEARNESS NO (WIN) = .99 ALTITUDE = 16 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
89.0 16.0 71.8 13.0 

WINTER: 15.0 3.0 12.0 17.0 

GRO~ND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
44 44 45 46 52 58 63 62 62 61 55 50 

CINCINNATI OH STATION NO 93814 
DEGREE DAY 5265 

FOR THE YEAR 1957 (365 DAYS) 

LATITUDE = 39 CLEARNESS NO (SUM) = .97 TIME ZONE = 5 
LONGITUDE = 84 CLEARNESS NO (WIN) = .97 ALTITUDE = 761 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
90.0 21.0 71.3 7.0 

CLEVELAND 

WINTER: 6.0 3.0 3.0 6.5 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
42 42 43 44 50 56 61 60 60 59 53 48 

OH STATION NO 14820 
DEGREE DAY 6351 

FOR THE YEAR 1969 (365 DAYS) 

LATITUDE = 41 CLEARNESS NO (SUM) = .99 TJ:ME ZONE = 5 
LONGITUDE = 81 CLEARNESS NO (WIN) = .99 ALTITUDE = 777 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PHT WNO SPD 
88.0 22.0 69.4 11.0 

WINTER: 5.0 3.0 2.6 14.7 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
42 44 45 46 51 56 62 61 60 59 53 48 

OKLAHOMACITY OK STATION NO 13967 
DEGREE DAY 3725 

, ) 

FOR THE YEAR 1951 (365 DAYS) 

LATITUDE = 35 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
LONGITUDE = 97 CLEARNESS NO (WIN) = .95 ALTITUDE = 1280 

DESIGN DAY 
SUMMER: 
WINTER: 

DRY BULB TMP RNG DEW PNT WHO gPO 
97.0 23.0 ~9.2 10.0 
13.0 3.0 10.0 11.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
49 49 52 54 64 70 77 76 74 73 65 57 
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TULSA OK STATION NO 13968 
DEGREE DAY 3860 

FOR THE YEAR 1973 (365 DAYS) 

LATITUDE = 36 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
LONGITUDE = 95 CLEARNESS NO (WIN) = .95 ALTITUDE:; 650 

·DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
98.0 22.0 70.0 10.0 

MEDFORD 

WINTER: 13.0 3.0 13.0 10.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
50 50 51 53 60 66 72 71 69 68 62 56 

OR STATION NO 24225 . FOR THE YEAR 1966 
DEGREE DAY 5008 

(365 DAYS) 

LATITUDE = 42 CLEARNESS NO (SUM) = 1.05 TIME ZONE = 8 
LONGITUDE = 122 CLEARNESS NO (WIN) = 1.05 ALTITUDE = 1298 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
94.0 35.0 53.3 4.0 

PORTLAND 

WINTER: 23.0 3.0 20.0 7.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
48 48 49 51 56 60 64 63 62 61 57 52 

OR STATION NO 24229 
DEGREE DAY 4635 

FOR THE YEAR 1960 (366 DAYS) 

LATITUDE = 45 CLEARNESS NP (SUM) = 1.05 TIME ZONE = 8 
LONGITUDE = 122 CLEARNESS NO (WIN) :; 1.05 ALTITUDE = 21 

DESIGN DAY 
SUMMER: 

DRY BULB 1MP RNG DEW PNT WND SPD 
85.0 23.0 57.2 6.0 

WINTER: 23.0 3.0 20.0 7.3 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
47 47 48 49 55 59 64 63 61 60 56 51 

PHILADELPHIA PA STATION NO 13739 
DEGREE DAY 5144 

FOR THE YEAR 1969 (365 DAYS) 

LATITUDE :; 39 CLEARNESS NO (SUM) = .98 TIME ZONE :; 5 
LONGITUDE:; 75 CLEARNESS NO (WIN):; .98 ALTITUDE = 7 

DESIGN DAY 
SUMMER: 
WINTER: 

DRY BULB TMP RNG DEW PNT WND SPD 
90.0 21.0 72.1 10.0 
14.0 3.0 11.0 11.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
40 40 41 43 51 59 66 64 61 59 53 46 
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PITTSBURGH PA STATION NO 94823 
DEGREE DAY 5987 

FOR THE YEAR 1957 (365 DAYS) 

LATITUDE = 40 CLEARNESS NO (SUM) = .98 TIME ZONE = 5 
LONGITUDE = 80 CLEARNESS NO (WIN) = .98 ALTITUDE = 1137 

. DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
86.0 22.0 68.6 9.0 

WINTER: 5.0 3.0 2.0 11.6 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
42 42 43 43 50 57 63 62 60 59 53 48 

CHARLESTON SC STATION NO 13880 . FOR THE YEAR 1955 
DEGREE DAY 2033 

(365 DAYS) 

LATITUDE = 32 CLEARNESS NO (SUM) = .94 TIME ZONE = 5 
LONGITUDE = 80 CLEARNESS NO (WIN) = .94 ALTITUDE = 41 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
91.0 18.0 75.9 10.0 

MEMPHIS 

WINTER: 27.0 3.0 24.5 10.5 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
49 49 52 55 64 70 76 74 71 69 62 56 

TN STATION NO 13893 
DEGREE DAY 3232 

FOR THE YEAR 1964 (366 DAYS) 

LATITUDE = 35 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
. LONGITUDE = 90 CLEARNESS NO (WIN) = .95 ALTITUDE = 263 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
95.0 21.0 72.9 7.0 

. NASHVILLE 

WINTER: 18.0 3.0 15.0 9.3 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
.50 50 52 53 60 64 69 67 66 64 59 55 

TN 

LATITUDE 
LONGITUDE 

STATION NO 13897 
DEGREE DAY 3578 

FOR THE YEAR 1972 (366 DAYS) 

= 36 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
= 86 CLEARNESS NO (WIN) = .95 ALTITUDE = 577 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 94.0 21.0 71.7 8.0 
WINTER: 14.0 3.0 11.0 9.8 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
48 48 50 53 61 66 72 69 67 64 59 53 
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AMARILLO TX 

LATITUDE 
LONGITUDE 

STATION NO 23047 
DEGREE DAY 3985 

FOR THE YEAR 1968 (366 DAYS) 

= 35 CLEARNESS NO (SUM) = 1.00 TIME ZONE = 6 
= 101 CLEARNESS NO (WIN) = 1.00 ALTITUDE = 3607 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 95.0 26.0 58.5 11.0 
WINTER: 11.0 3.0 8.0 12.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
61 61 62 64 70 76 81 80 78 77 72 66 

BROWNSVILLE TX STATION NO 12919 FOR THE YEAR 1955 <365 DAYS} 

DESIGN 

EL PASO 

DEGREE DAY 600 

LATITUDE = 25 CLEARNESS NO (SUM) = .90 TIME ZONE = 6 
LONGITUDE = 97 CLEARNESS NO (WIN) = .90 ALTITUDE = 16 

DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 93.0 18.0 75.9 9.0 
WINTER: 39.0 3.0 36.0 10.4 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
58 58 60 63 71 78 84 82 79 77 71 64 

TX STATION NO 23044 
DEGREE DAY 2700 

FOR THE YEAR 1967 (365 DAYS) 

LATITUDE = 31 CLEARNESS NO (SUM) = .99 TIME ZONE = 7 
LONGITUDE = 106 CLEARNESS NO (WIN) = .99 ALTITUDE = 3918 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 98.0 27.0 52.8 9.0 
WINTER: 24.0 3.021.0 9.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
61 61 62 64 70 76 81 80 78 77 72 66 

FORT WORTH TX STATION NO 3927 
. DEGREE DAY 2405 

FOR THE YEAR 1975 (365 DAYS) 

LATITUDE = 32 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
LONGITUDE = 97 CLEARNESS NO (WIN) = .95 ALTITUDE = 544 

DESIGN DAY 
SUMMER: 
WINTER: 

DRY BULB TMP RNG DEW. PNT WND SPD 
98.0 27.0 69.6 10.0 
24.0 3.0 21.0 10.5 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
61 61 62 64 70 76 81 80 78 77 72 66 
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HOUSTON TX STATION NO 12918 
DEGREE DAY 1396 

FOR THE YEAR 1966 (365 DAYS) 

LATITUDE = 29 CLEARNESS NO (SUM) = .91 TIME ZONE = 6 
LONGITUDE = 95 CLEARNESS NO (WIN) = .91 ALTITUDE = 50 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
94.0 18.0 75.2 8.0 

LUBBOCK 

WINTER: 32.0 3.0 29.0 10.5 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
61 61 62 64 70 76 81 80 78 77 72 66 

TX 

LATITUDE 
LONGITUDE 

STATION NO 23042 
DEGREE DAY 3578 

FOR THE YEAR 1955 (365 DAYS) 

= 33 CLEARNESS NO (SUM) = .95 TIME ZONE = 6 
= 101 CLEARNESS NO (WIN) = .95 ALTITUDE = 3243 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 96.0 26.0 60.0 11.0 
WINTER: 15.0 3.0 12.0 12.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
61 61 62 64 70 76 81 80 78 77 72 66 

SAN ANTONIO TX STATION NO 12921 
DEGREE DAY 1546 

FOR THE YEAR 1960 (366 DAYS) 

LATITUDE = 29 CLEARNESS NO (SUM) = .91 TIME ZONE = 6 
LONGITUDE = 98 CLEARNESS NO (WIN) = .91 ALTITUDE = 792 

DESIGN DAY 
SUMMER: 
WINTER: 

·DRY BULB TMPRNG DEW PNT WND SPD 
97.0 19.0 69.2 7.0 
30.0 3.0 27.0 8.3 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
58 58 60 63 71 78 84 82 79 77 71 64 

SALTLAKECITY UT STATION NO 24127 FOR THE YEAR 1948 <366 DAYS) 
DEGREE DAY 6052 

LATITUDE = 40 CLEARNESS NO (SUM) = 1.15 TIME ZONE = 7 
LONGITUDE = 112 CLEARNESS NO (WIN) = 1.15 ALTITUDE = 4220 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 
SUMMER: 95.0 32.0 48.5 7.0 
WINTER: 8.0 3.0 5.0 7.8 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
40 40 42 43 50 55 60 59 57 56 51 45 
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HAMPTON VA STATION NO 13702 
DEGREE DAY 3421 

FOR THE YEAR 1962 (365 DAYS) 

LATITUDE = 37 CLEARNESS NO (SUM) = .96 TIME ZONE = 5 
LONGITUDE = 76 CLEARNESS NO (WIN) = .96 ALTITUDE = 17 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 

NORFOLK 

SUMMER: 91.0 18.0 74.0 11.0 
WINTER: 23.0 3.0 29.0 12.0 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
45 45 50 55 60 70 75 80 75 65 60 50 

VA 

LATITUDE 
LONGITUDE 

STATION NO 13737 
DEGREE DAY 3421 

FOR THE YEAR 1951 (365 DAYS) 

= 36 CLEARNESS NO (SUM) = .96 TIME ZONE = 5 
= 76 CLEARNESS NO (WIN) = .96 ALTITUDE = 26 

DESIGN DAY DRY BULB TMP RNG DEW PNT WND SPD 

RICHMOND 

SUMMER: 91.0 18.0 74.0 11.0 
WINTER: 22.0 3.0 19~0 12.1 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
41 41 44 46 56 62 69 67 66 64 56 49 

VA STATION NO 13740 
DEGREE DAY 3865 

FOR THE YEAR 1969 (365 DAYS) 

LATITUDE = 37 CLEARNESS NO (SUM) = .96 TIME ZONE = 5 
LONGITUDE = 77 CLEARNESS NO (WIN):: .96 ALTITUDE:: 162 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
92.0 21.0 72.5 6.0 

WINTER: 17.0 3.0 14.0 8.1 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
41 41 44 46 56 62 69 67 66 64 56 49 

BURLINGTON VT 

LATITUDE 
LONGITUDE 

DESIGN DAY 
SUMMER: 
WINTER: 

STATION NO 14742 
DEGREE DAY 8269 

FOR THE YEAR 1966 (365 DAYS) 

:: 44 CLEARNESS NO (SUM) = 1.05 TIME ZONE = 5 
= 73 CLEARNESS NO (WIN) = 1.05 ALTITUDE = 331 

DRY BULB TMP RNG DEW PNT WND SPD 
85.0 23.0 67.9 8.0 
-7.0 3.0 -10.0 11.6 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
~_______________ 32 39 32 38 45 52 52 57 56 54 49 44 
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SEATTLE WA STATION NO 24233 
DEGREE DAY 5145 

FOR THE YEAR 1960 <366 DAYS) 

LATITUDE = 47 CLEARNESS NO (SUM) = 1.05 TIME ZONE = 8 
LONGITUDE = 122 CLEARNESS NO (WIN) = 1.05 ALTITUDE = 386 

DE$IGN DAY 
SUMMER: 
WINTER: 

DRY BULB TMP RNG DEW PNT WND SPD 
81.0 22.0 53.8 7.0 
26.0 3.0 23.0 9.8 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
46 46 47 49 53 56 58 57 56 56 53 49 

MAOIsm" WI STATION NO 14837 
DEGREE DAY 7863 

FOR THE YEAR 1974 (365 DAYS) 
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LATITUDE = 43 CLEARNESS NO (SUM) = 1.00 TIME ZONE = 6 
LONGITUDE = 89 CLEARNESS NO (WIN) = 1.00 ALTITUDE = 858 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
88.0 22.0 69.8 8.0 

CHEYENE 

WINTER: -7.0 3.0 -10.0 10.1 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
36 36 37 37 45 52 59 57 56 54 48 42 

WY STATION NO 24018 
DEGREE DAY 7381 

FOR THE YEAR 1974 (365 DAYS) 

LATITUDE = 41 CLEARNESS NO (SUM) = 1.05 TIME ZONE = 7 
LONGITUDE = 104 CLEARNESS NO OlIN) = 1.05 ALTITUDE = 6126 

DESIGN DAY 
SUMMER: 

DRY BULB TMP RNG DEW PNT WND SPD 
86.0 30.0 45.1 9.0 

WINTER: -1.0 3.0 -4.0 13.0. 

GROUND TEMPS: JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC 
41 41 41 42 47 51 56 55 54 53 49 45 
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NECAP WEATHER INPUT FORMAT 
The weather data base used by NECAP is coded. There are 6 

records containing the local data, followed by a record for each 
hour of the year. Each ~ecord is 120 characters long and blank 
filled. 

Table D-2 shows the variable input format used by NECAP 
4.1. Eleven items for each hour are required. Those items with 
astericks are provided on the tape, but are again computed by 
TLAP for the program. Double asterick data is not provided. The 
data used in the NECAP weather data base was obtained from the 
sources listed in the last page of table D-2. The solar data was 
calculated from cloud cover data. 

D-18 



t1 
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f-J 
\D 

READING ORDER 

WT-l 

WT-2 

WT-3 

WT-4 

WT-5 

TABLE D-2 NECAP WEATHER. FORMAT 

SOURCE OF 
COLUMNS INPUT VARIABLE DESCRIPTION FORTRAN FORMAT UNITS INFORMATION 

1-10 Latitude FI0.2 Degrees 1 

11-20 Longitude FIO.2 2 

21-30 Clearness no. Summer FlO.2 2 
---------- ---------------------------------

31-40 Clearness no. Winter FI0.2 2 

Time Zone FlO.2 2 

Altitude above sea level FlO.O Feet 1 

Summer - max dry-bulb FlO.2 Deg F 1 

Summer - temp. range FlO.2 Deg F 1 

Summer - dew point FI0.2 Deg F 3 

Summer- wind speed FlO.2 MPH 4 

1-10 Winter main dry-bulb FlO.2 Deg F 1 

11-20 Winter - temp. range FlO.2 Deg F 5 

21-30 Winter - dew point FlO.2 Deg r 3 

31-40 Winter - wind speed 

1-10 Station number 

11-20 Weather year 

21-30 Degree day 

31-40 Number of days 

41-55 Station name 

FI0.2 

FI0.0 

FlO.O 

FI0.2 

FlO.2 

15Al 

MPH 

no of days 
in year 

4 

6 

6 

1 

6 

6 
--------------- -----------~--------------------------------- -----~---------- ------------ ----------------
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READING ORDER 

WT-6 

WT - Hourly 

COLUMNS 

1-6 
7-12 

67-72 

1-2 

TABLE D-2 
RECAP WEATHER INPUT 

INPUT VARIABLE DESCRIPTION FORTRAN FORMAT 

Ground temperatures 
for each month 

Month 

12 F6.1 

12 

UNITS 

Deg F 

SQURCE OF 
INFORMATION 

7 

6 
---------- --------------------------------- ----------------- --~--~------ ----------------

3-4 Day 12 6 

5 Day of week * 11 8 
-------------------------------- --------------~--

6 Daylight Savings flag * 11 8 

7 Holiday flag * 11 8 
--------- --------------------------------- -----------------

8-10 Hour of day 13 1-24 

11-13 Dry bulb 13 Deg F 

14-16 Wet bulb 13 Deg f 
-------.------------.-------------

Dew point Deg F 6 

Atmospheric pressure 14 inch*100 6 

24-26 Wind speed 13 Knots 6 

27-29 Wind direction 13 Degrees 6 

30-31 

32-33 

Cloud Amount 12 

Cloud type 12 
----------- -------~--------J 
------------------!----_____ l 
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TABLE D-2 
NECAP WEATHER INPUT 

READING ORDER COLUMNS INPUT VARIABLE DESCRIPTION FORTRAN FORMAT 

WT-Hourly 
(continued) 

34-39 

40-45 

46-50 

51-56 

57-64 

65-71 

72-78 

Humidity ratio * F6.4 

Amount of saturated air * F6.2 

Density * F5.3 

Tangent of the declination angle * F6.3 

Hourly angle of the sum * F8.4 

Position X COS of ex from West * F7.3 

of the Y COS of a from South * F7.3 

------------~--------------, ~ 

I SOURCE OF 
UNITS INFORMATION 

lbs. water/ 
lbs. air 

8 

btu/lb 8 
------------ ----8---------1 

lb/ ft3 

~~~~~~~~~I ~~~~~~~~~~~~~ 
------------~-------------

radians i 8 
------------~-------------

radians 8 
--------------------------- --------------- ------------~-------------i 

79-85 * F7.3 
----------~--------------------------- ---------------

86-90 F5.3 
--------------------------------------~---------------

Direct normal radiation thru clds * i F6.1 

Z SIN of ex upward sun 

Cloud cover factor 

*. 

* 

F6.1 

F6.1 
. . ------------------------------------------------------

Sky brightness through clouds 

Total horizontal radiation 

Measured beam radiation ** ' F6.1 

Diffuse radiation ** F6.1 ______________________________________ L ______________ _ 

radians 8 
------------~-------------I 8 

~~~;:~~~~~~~~~~~~~~~1 
~~~/~-;j~~~~-r----;--------l 

~ 
I ----------- -------------l 

btu/hr/sqft 9 
----------- -------------

~~!~!~~~- ---!---------j 
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TABLE D-2 

NECAP W6ATHER INPUT 

* Data is provided but not currently used by NECAP 4.1. Data is computed 

during each run for design-only and/or hourly analysis. 

** Data is not provided or used by NECAP 4.1. Input provisions are provided 

for future use of the NECAP Weather Data Base. 

Information sources: 

1. ASHRAE 1981 Handbook of Fundamentals, Chapter 24. 

2. ASHRAE 1982 Handbook of Applications, Chapter 57. 

3. Computed from design wet-bulb and dry-bulb taken from ASHRAE 1981 

Handbook of Fundamentals, Chapter 24 and using NECAP 4.1 subroutines. 

4. Carrier System Design Manual, Section 1, Chapter 2. 

5. NECAP default value. 

6. NOAA Weather Tape and Documentation. 

7. National Bureau of Standards, NBS BSS 69, Table TG-3. 

8. Computed using NECAP 4.1 subroutines. 

9. Supplied by User. 
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NECAP WEATHER DATA PREPARATION 

The NECAP weather data base was prepared using a FORTRAN 
routine which is now part of the NECAP Input Processor Program. 
The routine is called program WETijER and is described, as such, 
in the NECAP EnBineeriRB Manual. In the program listing~ the 
NECAP Flowcharts Manual and the NECAP Operations Manual it is 
referred to as program WEATHER. 

The WETHER was preferred in order to distinguish between the 
WETHER input processor used in NECAP 4.1, and the subroutine 
WEATHER that was used in earlier verslons of NECAP, which only 
reads the NOAA 1440 data. Program WETHER is the combination of 
subroutine WEATHER and program RWTTRY whieh converts Test 
Reference Year tapes to NECAP format. 

WETHER uses as input, 
design day, latitude, etc. 
format given in table 0-3. 
documentation provided with 
program WEATHER is the same 

NOAA tape and loca~ data, such as 
The local data is read in using the 
The NOAA data is described in the 
the NOAA tape. The output format of 
format shown in Table 0-2. 

Program WETHER performs all the necessary solar and 
psychrometric calculations required to prepare the data. All of 
the algorithms used are documented in the NECAP EnBineering 
Manual. 
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o 
I 
tv 
~ 

REAGIN!; 
ORDER 

11-1 

11-2 

W-3 

11-4 

11-5' 
-

11-6 

COLUK(S 

1-10 

11-20 

21-30 

31-40 

41-50 

1-10 

11-20 

1-10 

1I-20 

ZI-30 

31-40 

)-10 

11-20 

21-30 

31-40 

1-10 

11-20 

21-10 

31-45 

1-10 

11-20 

21-30 

31-40 

INPUT TO PROGRAM WETHER 

PROGiWI LIMIT 
INPUT VARIABLE DESCRIPTION SYMBOL UNITS VALUE 

Statton.Latitude STALAT Degrees -~~.~-

St.tlon Longitude STALON Degrees 0.0-
-360.0 

Time Zone TZli gi.0-

Clearness No. for Sunvner CNS .84-
1.05 

Clurness No. for Winter CNW .84-
1.05 

St.tton A1titude.bove Sli level ALTUO Feet 

Print flig PRFLG 0-1 

Summer Design Day Dry Bulb TD8S u F 

Dry-Bulb Temper.ture Range RANGS OF 

Summer Design D.y Wet-Bulb TWaS OF 

Summer Design Diy Wind Speed WINOS Knots' 

Winter Design Day Dry-Bulb TDBW OF_ 
Temperatur. 

Dry Bulb Temperature Range RANGW OF 

Winter Design Day Wet-Bulb TWBW OF 
Temper. ture 
Winter Design Day Wind Speed WINOW Knots 

Year of Weath~r YEAR 

Sta,tlon Number STAT NO 

Type of Tape TAPENO 1-3 

Stltlon Nlme STANAM ALPHA 

Winter Wet Soil Temperature SGRND(1 ) OF 

Spring Wet 5011 Temperature SGRND(2) OF 

Surr~r Wet 5011 Temperature SGRND(l) OF 

Autumn Wet Soil Temperature SGRNO(4) OF 

CODE ElWIPLE COIi'IENTS 

37. See 19a1 
ASHRAE h.nd-

75. book. Ch.Z+ 

4 
,~ 

0.911 

0.9B 

100.0 See 1981 
ASHRAE H.nd-
book 

O-No Print 1. 
l-Din, Print 

90. See. 1981 
ASHRAE Hand-
book Ch. 2'" 

20.0 

72.0 . . 12.0 

10.0 See 1981 
ASHRAE H.nd-
book. Ch. 2+ 

3.0 

9.0 

IU.U 

IlICI' 

13721 

1-1440 3.0 
4-6 

2-1440 
1-24 

1-TRY 
Hampton 
VA 

45.0 

50.0 

70.0 

50.0 
'. 

~, ._,-



Appendix E 

7 Zone Model 
of the 

Systems Engineering Building 1209 
Langley Research Center 

Hampton, VA 

The 12 zone example in section two is a detailed model where most 
building components were input. The energy calculated is very similar to the 
real building energy use. The 7 zone model presented in this appendix 
demonstrates the use of default values, and the ramifications of the same 
building using a few different building characteristics. 

To illustrate how default values can be used, the input to the 7 zone 
model is listed on the left hand pages, the 12 zone on the right. The lines 
are specially numbered sequentially for easier comparison. The occupied zones 
numbered 1-5 are the same as the 12 zone model. Zone 6 is the plenum over the 
center zones, but internal surfaces are input to show heat transfer.to all 5 
zones. The uncontrolled equipment room and computer room are combined into 
zone number 7. 

Following the input data comparison of the two models in this appendix, 
are the summary reports for the 7 zone model only. When using different 
modeling techniques on the same building, NECAP may compute a different energy 
use for each model, although default values may be overridden to bring the two 
models and results closer together. In this case, the 7 zone model uses 90% 
of the energy simulated in the 12 zone mode1,which can be attributed to the 
use of default thermostat and fan system controls, elimination of the 
baseboard heat, and the supply cfms used are computed at 80% of the specified 
air flow for the 12 zone model. 

A third model of thp. same building has also been provided with one 
zone. It is shown in the NECAP Fast Input Manual. Here the energy is 
considerably higher than the more detailed model because the simulated 
building characteristics and infiltration produces higher loads causing the 
VAV conditioning system to require higher air flows. This results in the use 
of considerable reheat since the default limits the reduced air flow of the 
VAV to only 40% of the design values. The total energy use is 154% greater 
than the 12 zone model, although the models could be "tuned" by using 
appropriate values in critical items instead of defaulted values. 
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INPUT FOR 7 ZONE MODEL 

1 C -------.. ---

;: i.l.SEB/HAMi'TJ~/D.l. M(NER/BA$E; 
---j- --C------·--- -' --.. --.-----~---
-----;;--C--- ------------ ---.---. ----
---- 5"--'\:---~ ----- -.- -~------_ _= ________ _ 
-~-b --::-----------------------
--·--7--CZ.-3~06; _______________ - __________________________ _ 

b C 
--'--9 ··---C·- - ------.------
---:0 --C-----------~-----
-----11' --t -- ------ ---------------------- ----
--[2-- 15-; f- OEj:A-ucrEtr-Ptl)pCC~EF.-{LY-SCi:rEDUCE---------- .------
~ r- LSa, 5-n) --wt'EKLyTIGHTING-TOADS---·---··--------------
-----14---C---~-~------------------------------~~~-~ - - . 
-- -'1 )---C ----
-"-i b ·-C------ ._-------------
----1 '7--- C -- .. --------------.--

----------~f~-txTE Rr.-tiCS-qA DE-USE 0------·--· ---, -- .-.-.. - ... ----1; --C -----------------------.. .-- .. ----------. ' ... -.. ---. -. ----- .. ----.-- --.. ----- ---------.-.---
~~ G---C A[(,! b--S nNO-AKC>-S'URRA'C'ES-'-' .-------
----... 21 '.':: .~ ... ---" ----.... --.--........ -_·_---------··--------RE"QUES rED' 8'( DE FAUL T ._- --.----.--.-.--. - -~.-- --.------.--"-
---"-c2 --(-.. -.----- .----.--.. ----... --.--.---.--. - ------- -.. -----------.---

-....--- -") ",'-,~ _.-..--------
'-.;' '" 

-------_._-------_. 
---2-~~~-~-·-

() S---II T -Cst r~ G-- /I ii"-S T 0--$ UR FA{C----------·- ----- --- -.------- .. 
-------.---.--.--.--~--~-.-. --~ .. -------- ._-._-_. -.------~--

_._----.---_._- ---_._-------------- -------~- .. -----.---------------~---

-~ ~~-~-.~.-~------------:-----------------
...i~ .... 

-_. ---.--- ,.--_ .. ----.. ----.-.------------------.. ~--.---.-.-~-~ --.----..----.--.---------.-----~-.-.-- .... ------
33 C ---:-, ,.----:---'-- -----------------_._. ------------------------- --- .. _. ---
3 J --. -(- --.-.- ------- -.----.--. -- ---. --.-- .... - .. -- -- .. -.--.--.------.---.-.. -,,-----------.---- -----.- ---.-- -. ---~----.----- -------.-- ----. 

-- 30" TiT .. ,-t,-;;:~ ~-!r;24-3 )5-; i-:f;o',@3/-S-,cifB,270-, CilZ ,-n375-;-~-tl;9o,Qj2~-2'nT-pCENtrrC;j ALTs-----------·----- - ---
--.- 37 -"'c ----- -.--- -.. -- ... --- -- - ---- --------... --.. ------- ----- .---- --- -- -.. -----,,-. --.-.... -". ..-------. - ... -------". -- ---
~·-~_;c----------- -----

j ., --c-'--"--- - - .-. ------- -- ----.-------------.---.-------. -------.. _ .. =-"4 ~ ----!~·rl-::9·~; 12 ,- )J'~! ~~-~~.~ 0 q_ (~-= ==-~~-=_=_====_=~~q_~!=~·~~c~ ~rl~Q~ ~,,_ .. -_. ___ . _____ ~=_==~-==~=== ~_~~~-.----- ... ... l. .. , .. 
- -- . - -- - ----~----.------------------------.- .---.-..,..-------------~--.-.---.--.---- ------------- ---.- --. - .-~-----, '- C 

I. 3- '-·c----·---.. --- --.--------- ----------------------------------------_ ... _---
---4~4C =-=. 4_" =.L~(_~-;;;'!::a ~ .. t~;~~~_-";3.·,-7;~ f --=:--==--===-=====--------- --===_-=-==-.- -. - -- ---.-- --

:'0 C 
~ 7 L ~3'; 1-; 0)12 ;QC, -in il, 0).12,O,~3il,~12 .. ;9-0;_@-:fj---------------- --~-... ----.-.. ----------... " . 
• ~ C 
~ . " ----, ---_ .. _- --- -_._ .. -
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INPUT FOR 12 ZONE MOOEL 

-_-_-"-_-_~_~'---ff-. S-YSfEM-SE~G-fN-E E--' -I NG--)U-'I Th I NG-"l~A~'~C7,-LL 0_: ~C -: ~: ~ ~---.--.-__ -"-_-_-" -__ -_-__ -_-""=-=--__ 
__ _ ;;_ ~L1.'-lIl~IlTON, V~.; _____ ~___ FAC .LOCATION ______ ~ ____ • _______________ _ 

4 ll.~.N. JE"lSEN; ________ .~ _______ E).Ir.~.NA"'E. __ ~ _________ . ___________ _ 
'5 ll- S trJ fl A 'H"-L 0 riG J _ _ ________ . __ ~_._ PROJ. NO •• _ . ___ "_' ______ ...• ___ .•. __________________ _ 
'" llouEt IS.HAI; ___________ DATa 
7 L ~ .'IOC. 2,0.1,2.0.55.120,31,76.0. !hO.Q6, . _______ _ 

---.~ O.Qbl ---- - - --.- ----·--·---··--··-l-ncAT(ClNCARD ____________ .' 
o l3 -1, i., 12. 31, 0,10. Q5 ,-16. 76,-8, llh 5 ,13 ,'12 J STUDY l €t4GTH &' 'olE' THE R __ , ____ . ___________ _ 

10 l4.~.1.~,1; DATA ~~lNT CUT 
11 C _ ____ SCHEDULE CARDS -------- _._- ------
12 1,5-1"1,4,4,4,4,4.111,11 SCH 'l luSED 
13 __ L5-~.1,5",5.5,5,1I1,11~~-----'~-- SCH "Z.P!SFO 

FO!;!: PEOPLE) '_EOUIP ________ _ 
FO~ LIG~TSI ______ . ________ _ 

14 l5.1,4, .. ~ .. , .. ,4.11,1,lj _______ ~____ SCH.1'3 (USED H1R S0!5.CIH_pEO~lEI ___ ~ 
15 l5.q.2; _____________ 'c_ SCH , .. (USED 
16 l>,,,P.o,~"O.I.5,11*01 __________ ~ SPEC. SCH~ll 

FOR EQUIP) 
(SilIOCIAl PEOPlE- ON SAT) 

17 C SHADE CARD 
11> l7.0,,1,-30,ZOO,O,40,100,270,QO;=--==-=- EXHI!~Al SHaDE ~T"~ES Ol QOJ: T~ANS. 
1'l C ______ .. _,. PESPO'jSE FACT(l~ cun _ 
zc l~·~,lZl __ ~ __ "._ STANOo\!1.0 OELAYfr"J SURF. USED 
21 l~-1·O.33.0.74?,125,O.220~8RICK ~ IN, 1ST H.TERIAl CARD 
2? - l'l-Z-0l4.0.91,AIR SPACE; - __ ~=_~--==_-~ 2ND MATERIAL ORO 
23 lQ-3·0.b61,O.33.38,.Z,BlDCK,BINJ 3PO, LETTER B FO~CES 6TH FIELD DA 
24 l<"l-4o;4,O.65!ldNSll'iE AIR rtuq -._~~=~=~~.--=-_ 4TH /'IATERIAL CARr, 
25 lIO .. l,Z,3,4; IJELAYED SURf!ACE n MAKE .... UP 
26 ---c ~OElA'l'ED SURFACES CA?()S 
n lll-! 00, I •• 7 'i, .2,2,0,1,1,1, IS0,-QO,Y: (i.~~":" 
?,1 ~43'':ha.Oi . ____________ FRONT './AlI,-ALL O'!'T·\ INPUT _ 
2Q lll-2'1,-;':~.O'~"1 _ _ _____ l<EAI! \oIAl~ "SIfI1UlAR SURFACE. ° AZ _. _____ _ 
30 ll~-3 .. !), I, ,75 •• ?, 2. {1. 20, 3" 270,QO, 7.'1, 
31 213,O,21~"l; .____ ,. __ 03":'~LARGER lC&Y \jILL t\llOIo' SH,i.O'JIo' ______ _ 

__ 1:> l11-4~O, b, 7~,. 2, 2, 0, 4, 4,10,24], 0,0, 243, 
33 10.0.2,>3,6.5,3.243,"3.5,'3.243,3.5, 
3'> '<,';.(4"1.6.5,'1.'1,243.6.5,3,243'10,0;---- -"' 
~5 2'<3.10,10,243,0,10, _ 04-l0~G ;:(1R/'I ',",',11:<1000/ -NORTH_ 
36 Lll-:i·,3,:.lQ,5,Z43,O,O,lOj _ .. _. _____ D5-0EFAULTS USED. _________ _ 
?1 L 11-1-.0 5, ;;)9, 0, :illJ . _____________ " __ ~ ___ ' __ , __ . . ______ . _____ ~ _, " _______ _ 
3fl lll-7.5,:il~,210 •• 2,2131 _____ ,____ '" _______ _ 
]Q _l11-807,;~.QO.:il3i . _____ ._____ _ ____ CWUIiILE 51/11. SURf'ACE _______ _ 
'·0 llI-q·O,2,.75,,1.~5.0.1400, ____ , __ POOF SECTION 
41 Lll-lO"O,3.)'J.llOOI FIR WALL 
42 C QUICK SUR~ACE CARDS 

__ '>3_-..::.ll2"_,.2,n,270,QO,S,16J --.-- ... -~. -- nAMPERS IN EIR --.- --~~_.~~.=:_-=--- ______ _ 
44 C -----·---WINOO'ol Ii OOOR(GLASSI CARCS 
_~ 5 L 13-1 .. ,.8,.5 •• 0:;, .2, 0;, 2, 1. 2 ,6;14, 1, i'-;Y;-- ---=_~_=~_-__ 
46 IRO,QO,7.3.3.5,O,3.5; _' ______ . __ AS~lJI4ED 
47 L13-2.1,OllZ,QO,;l); _____ .__________ ASS(J/IIEI) 

lll-3·1~~12,O,;;'3f AS:SIJM~C 

l13-4 .... 8 •• 5,.5,.?, 1.2, Z, 20.,4, 20, 1,5,1, 
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SOUTHII'~ONT) 1221 .. ___ _ 
E~ST(RT SIDE) (21) 
NOi?TH(I<€AR) (221 



INPUT,.FOR 7 ZONE MODEL 

--------------_. 
50 C 
51 L13-5·,~4,72,i4,2,5,d3,lO'ZO; --S'i--c' .... --. - ~-::---.~-------------------- ----- .. ---... --.-

---5'j"~---' L·l·S~-'-,-~-i2 ~-O';'~-:fJ .. - -. -"-.... -
---S',;-- C- --- ---- . ---- ----.. - ------- .-. -"- -'---
---5·;·-C---~--------------· ------ "-'-'-"-~"--'--' --
---5 ;;--C--- --.'--.-- . - .... -.-.-'-

") 7 Llj-I· 3 ZOO, • Z 5,1,6/2800,.25,2,·6/3200, .25,3,6; - .. -.--- ----. 
--"5-'~ "'-i 15-~' r. 2. eo 0, ~ 25,4" 6 / 3<iooo, • Z·S, 5'~-' 6 ;---~ ... --- faNE s---fOPlENUMm---------·---~---- ._ .. -.-........... -._-- -.. ,.--

5 (/-c" -------- ----.-.------- .-.----.. -.----.-----. ----~---.- - .. ~~=~_:~~.:~~~ 
---"6'--;0'-'· c 
---b-i-L15~f-;'2 o6-6;-5o-;-i"';-5/-2-oo"O~-5o-;-2 ;5/2-000;-5·0;3,5;---------- , .... -----. --- .-.--
--62"C1 ~-(~~Q.~ ~!--~ro ; 4 ., -~--f .--. -'--.- .. --- --~ -.- .--. ---i.·~ .~_q I NAffy _~_~ ~ ~~ s .-~-===-~~-=---==-~=-== 

___ 03 Ll:i-I-2!JOO, .3,0,7 j PlENUM TO E/R ______ . ____ -___ ._. _____ ._. __ .... _ ... _ .... __ _ 04 --·c· -- . -.-......... -..... --.-.--.-.-.---------.--.... ----- .. ----.-.. --
--t;'5-Lf5''':'U';300-s;o-:'j:/"3-qooo-,-6--:-6i; .--~.-.-~-----~. -~---.--- .. - --.- .-----.- - .-

bb '-C-' .... -----. . -.--. -.-.- --'-. -- - .. -.- ... ----------------.-.--------.---.-------.. -----... ----.... -.- .'--
---6'j 'c -~--. .--- ---- -----.--------- -_. --
---'-t, 6 .--c--·----·---· --------.---. -.- -.--- --"---- ---- . -.. --.--- .-- .... 

c '--I L 17·, "32 CO , , , , 25 , , 1 , l, .7 , "3 , I 2 , 0 • 4, , ., ,1 , 1, 1 ; ---------.. ......---
---70·-L·ij·l,2800~-2aOOO_,1/1, 3200,32000;--··_·--··-·· .-.. ----- ---- -.- .. 
---fI--c--------·- - -.- ---- .----------...... -. -
---7-2 -t------~--·-----·--- ..... ---~--·-- .--~---~-----.- .. -.--.-.. _ ... _-_. 
---7J--C-------·-~-------·------- --~-----"--"'~'--

---74·--C·-·--------·----------·--- -------.... -...... -----.. --.--- ---. 
7') C --------_._-_. __ ._- ----- ------76_ -.::~---------- ---- ---. 

-----------------------------

01 L17·,51COO,306000,3,~19,1,; -·-·_;·z--c-- .. ----- --'---.'--' .-.. ---.-.- ---
--- .---_._-----_._---- .---_._._-.. ---_ .. _-._-___ ~_~ __ c _____ _ 

-~-------------------.. ~--.- ------ _._ .. _-_._ .. _ .. _-
'.14 .; 

----~e5 C --------------------~------------------~-------
86 C 
~ 7 ~ 

---b ;---L'17-0, 2 800,,4'0-;-;;-;;-",,2 ;;·,"7s.zo\foo", (;-r;-~4~-y;---·-------·-·--,----------·----- -- .--- -- --_ .. '. --_ .. --.. --
d9·--C-----~-·--·-···---· ._ ... -- -._- .. _-.- ._-_ .. -.. __ ..... __ .-._-_ ....... _-. -~.--~-------~-.- --.--._._-._._- - '---._- - .. 

----"'-<j O---L Y:.j::' i~o:; 1 TG-; 2' 2 n-;-sTi' ;-1--; 61 u-~T-; ---- -------- - -- '-'--- -... --. --. --- -.-. 
9'1 i 18·--Z"~·(j"~·4/G··;' 21.-i7-i ~·z";·1"iu.-i;;_o _· ____ ._o_.~ ~---.----

---'<;""'2 C'l8"::"'] =0'· 2/G-;2 2'-3-,-61 I- 3;8IU'-1 ;-. '-'--- .----
~ 3 Ll3 -4-D ·37G~21 '" './ I »4, q/('-;l; 

--qi;-( 1"8 -:.:: {·'5 ,6-;'7,'0 ~-q I U'; 2;- ---. ---- .--.... ----.---.--.----
'-15 Lld':'6-J';';-5 ,6, ",8,3 6*91 I· f; 2 ;-3,4,5,10; PLENU-I' -------. ----- .. _-

------'-'-1-=--0 LU·-"i-[P,4*4/1-10j·· . -'- --- - ----------.--------------~-------.--------"-----.. 
---<; 1'--· c - - - - -.. -- . -- ---- .00' ___ ---. --_ • ..,..- -.-.--- - •• -.- -----.-.-.- ------- • ---- -_ ••• -'" 0 -

48 f-··---------- .-.. - -------.--- .. -.... ------.------.---,--------- ----------.----.-.---.. ---.--.--... - -..... --- .--
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INPUT FOR 12 ZONE MODEL 

~5 l14-G-5,2,lO, 
56. __ .. ~. . .. --- .. ----- --·-------~·I NT E R NA L _. SUR FAC E S------ -------,,-. - ___ -=-~~.=~-~.~~_=_~_~ 

---'-<;7 115::'r;3200,;32,Y,·6i2-ElO();:32~z;1; .. CEILING" 1 & 2 
"58 l15-1-3200,.3Z,3,I3/Z800,.32,4,9; ------ - CEILING 13 & 4 --.. ------------------.--.---.---...... . 
~q l15- T .. 3QOOO, .32,5,10, . .. -.---~--- C EN TER eEl LING 115·---------·-- --.---.---- ... --

----60 ll~-I.2000,50,1,5/2000,50,2,5f-· II'IAr,IN~RY INT. SUR-F·~-TNOTEtfIG·H·-t.Jf-·--- --- .... 
61 L15-I-20QO,50,3,5/2000,50,4,Sj IMAGINAPY INT. SURF.······ .- - ------- .-.---
62 l15- r -zooo, .3,10, 11/2000, • 3, lO~·12; r NTE ~NAl WAll t 10 ~ "11------------- "-_. --_.- .. - --_.-. -,_._-_ .. 
f,3 l15-1-100,.2,11,12; - ----- 1112 .- -- .. -.---..... -.------- ... ----.- .. - ... -

6 4 C .-=-:-~- .. =====-9~DERGROUND SURFACE .. ~=-===~_·:=-_=~-=~=.~·=_-=-.~·.~~-.·- .. -. 
65 l15-U-3000,O.1/3QOOC,0.02; 

--- 1,6 C - ~- ----··-------UNO ER GROUNO TEM P. ----- -------.--.\-.-----.. - -----.- -------.- -.-- .. --.- . 
-----67 ---l16- 45,45,50,55,60,70,15, 80~' 7-5-; 6!i",-bO, 5(f,"--- .-- --~--.-------------, ---- -- ----- -- ... 

6~ . C .. - --- - SPACE CARDS .-.--.----.---- ------.----.-- ..... 
...... ~-·--6 Q -'-L 11~1.O, 3200, 32000,60,72,25-;-450,'1-;2--;-;7-;--'-- . -- -~.- .. ---.. -. --.---- -.------- ------- ---, --_.-. --~ --

70 3.0,0,2,0.4"" 1,2" ,,,. J . __ "__ ~~-_~- ASSUME D SOUTH (FR ONT ~~~~._~'~: __ -=:: .. '~=-.-.=~ .. __ ... 
11 ll~-1-D.I/G.22*1,5/I-1,6/U.lJ 
72 Ll7-2 -1,213 00, 2 SOOO ,.----------- ASS UME O' EA ST( RT SID E-j-·------------------····--· 
13-' l18-2-1). 21* 41 G. 21.21 1·2, 7/1J-l J--- ------------ -.~ -------- ----.-.----._---. ----
74 "l11-3-11 ----------·ASSUMED NORTH(REAR) -----.-.-. --._ ... -- .... -- ..... -- .. --.- .. ---. 
75 L18-3-0-2/G-22*3,6/1-3,8/U-l; - . -.--------------_.---------
"76 II 7-4 -1 ,',;;6,3 J -----.----.- ... ------ ASSUME 0 '-IE ST (LFT SID E) ---... -~----. -- ... 

71 ll~-4-0-3/r,-4'T.4,Q/U-1J 
. _. -----------_.. -_._-.-----.... - .. ' 

78 l17-5.,3qOOO,3aoonO,60,12,200,450~f,2, 

7 Q .1, 2. b, , 2,0.4, , " , 1,1, .2,/500 J _________ C EN T E R Z ON E ( A IR C HA N GE ME TH) ~-_~~~~_. __ . "--____ . 
~o LIB-5-I.~,6,1,P,Q/U·2J 

R 1- L 1 7-f. .. O. 3200,15000,3,72, <n P. ;Yj ___ ~ ____ . ____ ASSUMED SOUTH (F RO~lT) --Pl EN-===--:==-= __ =-_~-.-~·---· 
.'12 II 7-7 .. 6,2800,14000 i_ .. _________ .. ~ SSUMED EAST ( RT SIDE) PL EN __ .. _ .. ___ . _____ . ____ ._ 
83 117-S-6J __ ._. __ . ______ ._ .. ASSUMED NORTH (REAR) PLEN_. _____ . __ ._ .. ____ .. _ .. _ 
Pc. l17-Q .. 1; _______ ~ __ ~SSU~ED WEST (LFT SIDE) PLEN.. __ . ___ ._._ .. __ ... ___ .. __ .. _ .. 
~5 L17-10 3 6,3QOOO,lQ5000; CE~TER PLEN 
e,-, II 7-11-:),1400,14000,40,12,0,; 2,4 ;;T. "f;~-·· 
!'1 5,20000"2.1,2",,,1; .--- '- EQUIP. ROOM 
fP L17-11.C,1400.14000,40,72",4,1"2,, 
eQ 2,,~.,,4.l,.4; CO~PUTER ROOM 
00 LlB-6-0-o;,2*Q/I-U . ______ . .._ .. _ .. _ ... ___ ....... _ .. . 
Ql L 18-1-0- II, 2*qlI-2; .. ___ ... _. __ ... _ .. _ ... ____ .. _.__ _ ... __ ... __ __._. 
Q2 LIB-~-n·6,2*Q/I.3; 

-"-'-'-Q3 l18-Q-O-1, 2*'H 1-4; .-. -.--. -----.. - .. --. .------.. ----.. ------... --------- --_ .. --. 
---"-Q4 US-10-D- 26*Q/ I- 5,10,11 J . --~===---=:=-~== - .- ----- --. -. --- ---.- .. ---- --.- --- -'" -

05 11 ?-ll-D- <:.1.1011 .10 ,12/0-1, _ .. ___ ._..E OUI P ROOI1--·-----·---·--·-·---·-· - .. - .... -- --.-. 

Q6 1l~-12-D·q.10II.lltl2; __ . __ .... COMPUTER ROOM _____ . 
01 C 
Oil C SYSTEM CARDS 
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INPUT FOR 7 ZONE MODEL 

.'.,---- - ...... ~.-- .. -.... --.-~ ... -. ".~.-.. --- -~----~~-.--.----.. _- ... -------._--_._-----_._------- .... - .-----" ----_ .. _- -"--

100 C --r6-1-C-----------·---
--102 C 
---'10 3--C-----·------ .-------~------------,.-----.-------------.--------.. ---.-. 
----:L04--~C---------~---------------------------------------------------

~i"uS_-t-

~lJ Q C 
---lof--'''C 
~-l6u-·-C-------~----------------------·-----------------.-------------------

--io4---C-
---l-fo·c·-----------------------------------------------------.----------
--nr-C 

112---C--~------~~--------------------------------------~-------------------------------------

-~l (3 ._;:---
--114 C --------
~n~---C---~--------------------------------------------------

----T1'6--[ .---------------------------------------.----.-----------.--- .------
~·-TL 7--t---
-rib c 
---wi i'1-·-c-·-·-------·-~--------·----------------------------------------------.----
---1 ~ \) ---e- ... -----.-------
---iil'-C 
~-'-I,~' --t·~---~---~~------·------------------·------------------------- ----------
--·T2:3'-C-··~------------------------~-·-----------------------------------

-----[2~__c.-------------------------------------------------------------------------------------------
12, C --. --------.-.--. - .. --------------.----------------------------------.--------------.- .--.-------. 
~Zo·--c-·--···-·~- ... -~-~· ........ -··-···-------·--·~·-·----------.-.---~~------------~.------
~::?7-C-~·- ..... - -----~ 

-- --fZ ~-c---- --.-.---------------------------------------------------
. -- -- ~------ .------.--------------------.-------.-------~--------12'..j 'I,f 

-----l--30---e-----------------------------------------------------------------------------------.---------
-.---~ 3'1--C .--- -- ----------------.-----.-------------------------.----.-------------------.--.-
--- ~ 3 -z---t·~---
----i-f~~__=t~.---=--~-~=-~ _ ... _________________ . ________________ ~ ___________________ . __ _ 
____ ;).:.. 5lt~_tV_5, ?ll_:J, 2_0_L _____ -__ . _________________________________________________ _ 
_ '_J._~.j~ .-~. ___________________ ~ ___________________________________ . ____ ._. __ 

~ ~~.J _ •. ~ ______ ~ . ____ . _______ ~-___________ - ______ .. ___ . _________ __ 

.~- -- 'i 3 7 ~ 1 2 ~·l~-c;_::::=_:~~ _-=.:...-=-_~.=~~._. . ... _---_._._ ... _--------------_ .. _----_._-----------_ .. _----------. c 
~ 12 -1, 2 ;-~ .. ~.:~~_-~~=-~.=_.:~ __ . ~~ .. ~~~=.~_=__=_~_=_._=_-_-_.-_~~_-~~_-_-_==-_._--_.-_-__ ~_-.~~_-_~_-_ .. _-_=__=_-_-_.==_==~~~.~~~_ .. -_-__ ~-_ .. -._-_-__ =~~ 

1'-0 .: 
~--li.,i-~3i2~i~-:3;, __ ·_~ _________________ -_-~_=_._=_==_:~_-_-::--___ -_-_-_-_-_-_-_-=--_------------------
~1~2--c---~-

---1"- 3 -"S-12. L, 4 ;' ---- ----- --- .;---.. --------.. ---------. -.-------------------.--------.- .. ----- --
"""""'-"'-144 ~ .. -..... ~~- ... --.----... ----.----.--.---.-.------------------------------.------~-------------. 
---- ~4 >- ~ 12 -1,5;-- ---------------- ... --- -.--------,~---.--. - .. -------.-- .-.---- .-.- .. --------.. --.-.. -------- -------- --- ... -- .---- ----
-----~- .. b -- C -'-'- - .-.. -- . --. .... -. .. ... ------.---. --.. --------.-... -.- .---.---.----- -----------.----. 

147 .512-1,0,1,5,50000,1; - ----- --------- .-------.----------- ------
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INPUT FOR 12 ZONE MODEL 

-------- -- --.- -.---- - .. -.. - .. ~ ~..--· __ · __ ~·r·~_·"_-~_-_· ___ ·· __ """",---__ -·, ~ -

--16g-j}:i;~;i~!~i;~~ ___ ~ ___ . H~~~Oi~u YSIS ,_ .. __ .. ______ ._.=-=_-_-.. -._-.. -___ -_____ . _._ 
101 S 3·8,1,8,1,1,1 J ._ .. _._:...._. ____ . _______ ~_, PRINT DATA.. .'_' __ ._ ...... _ .. _. __ ' . _. _.,. __ 
102 C .. __ ....... _.______ __SCI'IEOUl.ES. "'_' __ ~'" . _ _. ___ .. __ ._. ___ . ___ . ___ ... ___ .. 
103. S4-1-6(2,95,55),1(2,80,66), _____ . ___ ~_.. _ ... _______ ._ ..... .. 
104 lOCl,77,73.83),7CZ,Q5,55'1_. _____ . ___ WEEKOAY THERMOSTAT OUTSIDE ZONES .... _ .. _ .. __ ... ~ .. 

__ l05 .. _$4-2-24( 2, 95, 55) J ." .. _ .. _... loIeeKENO THERMOSTAT. __ ._-. .. ____________ ..•. ___ ._ 
100 $ 4-3. 24 (2,75,72.1 )124 (2,75 .q, 13' .J __ .~ __ SEA ~ON.1. OX THR ~O .0_' __" . ___ . __________ ... _______ .. ____ _ 
1 0 7 S 4 - 5 - 6 ( 2 , q 5 , 5 5 ) , l( 2 , 80 , 6 6 ~ ,. .. __ . . _______________ . __ 
IN!_. 10 (1,77,73.0), 7( 2, 95, 55" WEfl(nAY THERMOSTAT CENTER._ZO~E . ____ _ 
lOt;! C .. SCHEPULES. ..._ .. _____ .... _ ....... _ ..... __ . 
110 $5-1-7(0),10(1.0),7(0" ---. VENT SCHI EQUJP SCH_,_._. _________ . ____ ... _. __ _ 

_ Ill ... S5-2· 24(0)J ... ____ ._._._ ... =~ Wf.!:I<ENO VENT,._._ .. ____ ._. _____ _ 
112 55-3.24(1.0);._. ,,_,~ ___ ~_,,_. PROCESS SCH..___ . _______ ..... _ 
113 S6-1-1, 2,1,1,1,1,1,2, 2 i._._~ ___ ~_,_U T"'R/'1O 5CH ( WEEKLY. OUTSI DE. ZONES '._. ____ .. _ .. ... 
114 S~-2-1,3,3.3,3.3,3,3,3J '2, WINTER C/R SCH _._ .... ___ '._ 
115 S6-3.1,4,4,4,4,4,4,4,4L~~.-.=_=_---~-~:= -a, SUMMER C/R SCH . ""'''_ . __ .. ______ _ 
116 S6-4-0,2,101,1,1,1,2,2j ' .. ________ ~_. __ *4, VENTILATION ~ PROCESS SCH. . .. _______ ._ ... 
117 S6-5-0,P t3;. _ ... _._. __________ _ 
llA S6-b.1,2,5,5,5,5,5,2,Z;._ ... ____ . ___ .~. __ . fl T\.IRMO SCH (WEEKLY CENTER ZONE' .. , ___ . ____ .. __ 
11 Q C __ . __________ ~_-:rtMe OfYEU (SEA'lONAL) SCHEDULES ______ __ 

____ 120 S7-1·1,1111. _____ . _______ YII 5CH FOR OUTSIDE lONE5. __ . ________ ._._ 
121 _ $7-2-1.1,2,6,1,3,10,1,21. . .. YEAR SCH FOR C/R OX .... ______ _ 
122 $7-3-1,1,6; . . ____ . YEAR 5CH FOR CENTER ZONE ____ ._. ___ .-=--=--=--.== __ . __ 
1 ~ 3 ~ 7-4 -1,1,4; -- -' ... ---:: -_'-: .... _ ... : YE A R S CH FOR V E NT A~lO P R ac_ ... ___ ...... ___ . __ ... ____ " .. 

. 1;'4 $7-'5 .. 1,1,5; ....... ___ -. _ YEAR Sl;:H FO!! VENT AND PROC 
125 58-1-10,55,90,170,HOT WATER} .. __ useT SCH. ____ .. ___ .. ___ . ___ 
126 C INTeRNAl,. OELAyeO SURFACE .. ____ ._. __ ._ .. ___ ...... 
In SQ-1-0)4,0.67,CEILII'lG 'AIR SURFACEI -' .' _______ . __ '_~ ___ ' __ _ 
I? 8 0.0625,0.035,30., 0.2" ACOUS iic"AlfIieT' . ____ ... ---... ___ .. _____ ._ .. 
1 ':0 __ .,4,0.b7,INSIDLAIR. SURFACe .;:..,..-- ~_~.~ .. -... ~ ... __ -- __ .. __ ... ___ -_._.,, _________ ._ 
130 .510-1-1,2,3j ., ... ___ ._ .. _'. __ . ___ ~. __ ~. _. __ CEHotNG OVER SPACE ...... _. ______ .. ____ ... __ . ___ . __ . 
131 S 1 0-2 -11 .. ___ _ __________ ~ _____cu LING OVER PL eNUI1 ....... _. ___ ._. ____ . _______ . ___ ... 

_132. 510-3-3,2,1; ___ ._ .. _ .. _ .. ____ .... _~_ .. __ . FLOOR Of PLENUM. ___ . ______ ._. ___ . __ ._. ____ . 
133 C '_'''_'''_'' _ ... __ ._ .... _ ....... ____ FAN SYSTeM/SPACE CAROL. ___ .. _____ ._-___ ._ .. _ .... _ 

__ 134 ... S 11-1-12,5,5,1600,2,2,,, 5.,0, O. 5, 0, ZO,,......:_ .. _. . ________ ._._ _ ____ ._ .. _. 
__ .135 ____ ... 55",,1,';6,3,4,11 • ___ ._._,_. , ... VAV SYSTEM._._ . __ ~. . ~. ___ .. _ 
__ .1? 6 S 11- 2 -5,1, ,100,,,,,1, .. , ~15, 0, 0,1, .. 1 J. ___ .. COMP. ~OO/ll OX UNIT . ",----------_._--------- ..... 

137 S12-1 .. 1,1,0,4000,O,l000,ZZO,1,0, ......... __ .. __ ",_,,~._.__ _ ___ .. ___ _ 
131" 80000,10,,6,012,1,3200,FRONT lONECASSU14EO SQUTfHJ ____ ._._ ... _. "'_"" 
130 SI2-?-1,2,0,4000,0,lOOO,ZOO,1,0, .. _____ . __ ._ .... __ ..... __ . ___ __ 

__ 14o __ . 80000,10" 7,n, 1, 2~OO, RT SlOe .lONE (ASSUMEO eAST ); .. _ ..... _--- ... ~-~----
__ lit! .--.S12~3·1,3,0,4000,0,1000, 220, 1,0, _~_. _ ... _ ........ .,... ,". r .. '.--.-------..~ ___________ _ 

__ 142 _ _ AOOOO,10" R, ~2, 1, 3200, REAR ZON~ (ASSUMeO NORTH) J __ ~_. _____ . _________ .. _. 
_143.$12-4-1,4,0,4000,0,1000,20011,0, ___, . _ ..... _.~. 
__ .. l44 1"0000,10" Q, 0)2, 1, ZIlOO, LFTTS IOf! ZONE< ASSUMEO WEsn '-___ -~_~ ____ .. ___ . __ .. _. 

145 S12-~.1,5,0,3ROOO.550,500,100,3,ZOOOOO, 

146 760000,lO"lO,~2,1,3eOOO,r.ENTE~ ZJ 
147 SI2-6·1.6,1.1,4000,4,3,3200,2,3200,Pl.ENUM OVER FRONT ZONE. 
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INPUT FOR 7 ZONE MODEL 

;------.--~---- -----
.-----------~~. --~-

14~ C 
--~l~~O ~~~------------------~--~~~--~--~-----~------~--------------------
---r~ l-C -----.--- ---
--i 5 2-'- .~-~---~--~------------.. ------
------i"53" C-----------------------------------------------------------~-------------------------------------~----------~-------. 
---{:; -" -$"1"3-. 4-;r; ---------~--- -----.-.----- ---'-' 

D, c 
~Y5b-C

---1"57---c 
---158-C----~--------------------------------~--~~-----------
--(,(i-c-

lbO-~---

161 C 
---it) Z--C' 
--Co j---r---------~-~ 
--164----C ----....,...,,--~~-----~ 

--f~ 5 ---C---
--1 ;:, b-------sn-·--..--l"'O-,'4-,"1 ; ___ ~~7~20~~5~~,~·~_~_-----------_-_-_-_--~--~--~--~--------~-----~------~----~---------

.,-.--_._------_ .. - ---

-------~--.--------------...,--_._-- ---_. 

---------------- ----~-----.----- ---~-------.,--~ 

----------- --------._-------_._-----" --'-'-'--.-~ 

------.------------~~-----~----.,........---

-----~-~------------.--~-~---.---- .. ------
-------------.. ~.------.---

-~--~--------- -----_._- ------ ---

.~~--~- -- -----.~------- ----_.- .. -_._--
. --- --------~-~ _.- --- .. 

-----.-.-. ....--..-----. --------T· ---.----------~~ 

~-------.---------,., .---------
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INPUT FOR 12 ZONE MODEL 

_._ ... ) .. -='Jl?::.7-.1 ,_7; 1,2,4000, '!,.3, 211 00,_2,2 11 <iQ;'p:C{t-iiJ M::::ovfR rfCsu;e_ iO~te.;,--________ ·-_·-_-_-_-·_··_--··-· 
14Q S12-S-1,8,1,3,4000,4,3,3200,2,3200,PLENUM OVER REAR ZONe, 
150 S12-~.1,9,1,4,4000,4,3,2BOO,2,2800,PLENUM OVER LFT Sloe ZONEJ 

----15 C '$12-10-1,10,1,5,311000,4,3, 3QOOO, 2,39000, PLEt-JUM' OVER C ENTER Zo~fEJ ---- ------- "-
=_-=152 ~.s 12-11-2,12, 0, 0, 0" ,2, 15000,.48000"COMPUTER ROOM,_ ~ . ___ ._~. __ ~ ------------.:~=~.~ 
__ '53_ 514-1,2200,1,1,12,31,3,0,,6* PO; . .. _ .. _ .... BOl I.ER. __ ._ ... ____ . ________ . ____ ..... __ .... 
__ 15 4 _.515"",1,110,4,1,12,1,3,10,45 I 20. 1 ... _____ __ .. _. _____ . ___ .. _. __ •.. _ 

_ -,-155 5 102,65 9 B, Q 0 A 2, c; 8 6 q,1 01 35, 103, ___ .. __._._ .. _______ ... _____________ . ________ .. _ ... __ .... _ 
156 5 100,65 97,90 86,98 80,101 52,103. 

_____ 157 _ 5 14,10 3Q,40 65,10 100,100 110, 125j·~~=_~-C·HI lLER --.~ .. =_~--=_-_~.~~-=~_====---==---=..---=~~=.====~, .. ~ 
15!l 516-75,10,35J_._ .. ___ COOLING TOWi;R ___ .__ _. ___ ._. __ ... __ _ 
1 sq 517- 4B, 4,5,_ .. __ . _____ ... ____ ... ___ .. _ .. _ .. _____ . __ . _______ .. ___ _ _____________ _ 

___ ]._60 ___ 85,100, 100 ____ .. _. ____ •. ________ • ___ ._____________ . ______ . 
HI 95, 94,105 _ ... _._._. _________ . _____________ . ___ .______ __. __ . ____ _ 
102 .100,QQ,107 __ . ___ . ___ . ____ .. ___ . ________ ._. ____ ._ _ ___ ... _._._ ._. _____ . 
163 .. _ 105, Po, 110 ... _. __ ._ .. _ .. _ ...... _._. ___ . ____ ... _._._ ... __ .... _. '.'._'_' ___________ . __ . ______ . __ ._ .. _ .. __ 

__ HI, ._ 110.79,1151 __________ . ___ ._ ... _. ___ . ______ OX UN IT FOR ... eo".?. -'~OD'" __ . ______ ._ .. ____ . 
____ 165 . __ Sl~.50, 4C, 30, 85J. __ . ______ . __ ._ .. ~ ____ . PUMP CARD _ .. _. __________ ._ .. _ .. 
__ Jb6_HQ-10,4,5J . __ . _ H\lCI'LPUM.LfOLSOLAILC.D.Ll .• 
___ 167. 520-12.245, ",7'. __ . _______ . ____ . ___ ",15C •.. __________ . ___________ . _____ ... _ .... _. 

--~ ... -. --_ ... _-_._-------
--------_._--- . _. -_ .. _'-'-

-----------_._--_ .. __ ._-

-----------_._------------_._------_ .... _--

-.---.-... ------

--.. _._---_._-----
--_ .. __ .. _---

.- --- ...... _------_._--

---.---------. -_ ... 
--_ .... --_ .... _-----------
._-.- ._ ..•. __ ._-------------- ----_ .•.. _------------_. __ .------ .----- ._---
_._.-. -.. _---------------------------------------------- _ ... _ ... __ .. _---_._-_._--------_._ .. _-------------------

---_.-. --_ .. _._- - . _. __ . 
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THERMAL LOADS SUMMARY 

BUIlOI'lG L-OAri-:-su~~A~Y- FfJ-R-~-- ------ ------ --- --_._--_._---_ .. 
-.-··---·--SEB·-· - .. -- -.---------- ----.----.-.---.. --.----------- -- - .. --- .. - .. -._'---

HAMPTON- -. -- -.. --------- ----------------_ ... - .. --- .. _ .. _ .. _.----_._-_._. --- -----------.--.--- ------- ---.. _._._--.----._---

-SPAC E . NOS;------- 1 THRIT-i----------· 
------ ~---.------------- .. --.---,----.------------.-.--,-.--,-_.-._-------------_._-------

Ten At Ft OOR . AR EA (S Q ~ Ft;)--·-----:::--==--= _5140~-~=_~~_==-_==__~_=~~~~.~_=--=:·~==.=_=~=~ ~-_~~-~=_._-__ =-=:~.~ ~':.-'--_ -
TO r AL v 8l'JI1E (~U ~_FT ~).=~~-.~~-=-==_-=-_=__=_-~===--) 14qoo ~_~._==:===-=---.---.-- -:===~_.~~~_- ~. __ --~_=~~~--==-=~=~_=_=_~_~=.=~_.:=_ 

-------- SUMMER COOLING PEAK:" -A-UG;--ZCf--A-t'-HOUR--is-------- . ---------------.-----~ .. -------------.--- -----", _."-- ------........... ---.-.. --~--.------.--.. -". -.-
-----.--..... . OBT- e-cr--WST.·7Q· 'WHO' Spa 12 .----.-- --.- .... -.. --' -----------.-.--.-----.-- -"'-' 

WI t~TER HE A TING 'PEAK :'----OEC'-;-31--'AT" HOUR-'7--' 
------------.- OBT- 15 ""WBT: 1t WND Sp- 14 ---.-----------~--.-------.- .. --- .. --.---- .- - -.------ .. -~-----------.~ .. -.----.... -. 
-----------_. '-' -- .--- .. -.. - .-

---.-... -.-.. - .. -.... -.~-...... --. -- .. -. --- -- -.. ***H SUMfoIER COAl) *****-·---------'.rti-lTER. ----.--.-.--,,-.--.. ------...... ---- - .. ---.-.----.-.----.- ..... -.-
- .. - .. ---.- -.- ..... -·-·-·--···-----··---·SENSIBLE LATENT - -.-- .. - ... - LOAD' .. -.-- -.------.... -- -.---.~--- -.-.--.- '-"-"'-~"- - '-"-"-'-"--'---' 

----.-------.---- ----- .-.--.-----.--- CaTUH) - (BTUH)-- ----------(BTU,...)-----·----- _. ---... ----- -----------------.--- --._------------.-. 
----- WA[L5-'-'---' -----·-·····--··--··54446.-·------· O. ~t2252·8~-----------·-··· -- .... - -... -----.-... - .. --.-.----.- -.--.. --.-. 

t:1j '-C EIl!NGS . -- .. ----- -----122861.---·--- O. ------ :"231720.---'" --------.- -'--'-"-'-
I -----... W!>..)OOIi CI)NDUCTA~fCE·------ 41600.--------- 0.---------- -152023; - .---.-----.------ --------

f-' ----- - WINDO'" "'lLAR ---.. - .. --. 49555. -_ ... -.' .-- O. --..... -... o •. -.. ----.---.... -... . .. ---.. - -.-... --------------.---.- - ..... 
o ------. QUICK SUR FACES-- ---------- O. - -~---. -- 0.--- '---'--" ------------- . O. 

--·----·-rNTERN6.l SURFACES----·----··· O •.. -----.------.. --. O. - -_.--.-.... O. --.------ .. -.-.. 
--- ---. UNDERGROUND SURFACES--'---' 15840 •. -. -----..... O. -'--"--" -43560. -.------.---. 

------------OCCUPANTS- - ---.- 78530. --.----- .. -- 44360. ----- ... -----. 5 • ...-:=-~-_-_--_._. -_-_.~._-._--_.-_-.~~_=_~_--_ _:=~---------.---.----------. 
LIGYT T1 SPACE --i87304. O. -.-------- 27. ----- .----.. ---
I'QUIPMENT TO SPACe·-----· 61726. ------.-.- .... o. ----.----. 4. ----------.--.-.- ....... - '-.' -----.-- --.---.- ------ -' .. -
INFILTRATION ---.. ----.-. 60255. ·-----160330 .-.---- -~2 8243 6 • 

. - -- .-_.,-- ---.-- _._.- - - .- - - ---- ._- -
SU8TQT AL._ . _______ . 77211 7. ~ __ . ___ 204690. . ._. ___ . _ -832232 •. ______ . _. __ . 

'-. Rf'TURli AIR 123130. O. 8. 
--FAN HS:H ---- 31352. ---.... O. "---- -.-- 37352.-----·--·----·-----··---·-·-·---·--· -------.-
~ vnlTIlb.TION AIR----·---· 63391. ----- -227573. - ------- "-355128. 

TOTAL 
~--- _.-- --- .--

1020990. 432263. 
- -------~. 

-1150000. 

TOTAL fiUILOING ·COOLING------1453253. BTDH --.. 
-------TOTAL BUILDING HEATIr.jG ';;'-1150000. BTUlr--'-

121.1Tb~s· 
·-1150.0-MBH 

*******-- VARIA81E VOlL'ME SYSTEM *******----- *H*-***'--foNStANi'--V:lLUME---S,(~H'" **4:**-.-*'-
--SUPPLY AIR AT . 52 F AT"ifIFFUSER . 38164. CF 1'1 .74 C F M IS Q. FT. MA X~'--'----'-'---'46521 ;-CFM" . ~'91 C F!'1/S O. q • '-ci:l~(;T":--- -

---.'_._._-- --. 
SUPPLY AIR AT 120 F AT DIFFUSER 14304~ CFM .2q CFM/SO.FT. MAX. - ---. ------ 1531~. ··CF,., .30 CF~/$Q.~r. t:f1-~5~ .• 



FAN SUMMARY 

---------------------- ------------------ -------

--------- 'SYSTE M 
'10. 

++++++ TOTAL FAN BHP--++++-":--- NO. OF: 
SUPPLY RETURN EXHAUST ---- -- --

ZONES 

-------Y---VAV S- ---- - 6 6 ~ e - - 0.0 5 --43255.- o • -- ----- -- o. 0.0 ---------------- - ------- ---- .~ ------ _ .. - -- --. ~-.---.- - ._------ - - - .. ---... - ---------_ .. _------ -------
------------------- ---------- - ------

- - ---------

-------------_._;.---_._-- ---- ---_ .. -- --~--.---- .. ---"---.-------------.------- .. --~.--.-.----------.-----.-.--- ._-- -- ---------------...... ----- -... 

----- -- --- ---- ---- --- ---_ ... ----------------- ------------------ --------- .---_._------ . ----------- - . 

------------_._--- -------_._-----------------_._----------- ------
---------- -----------._------

------'-_._-------------- --------------_._----------------------- -- --- -------------------------- --

----------------------- ----------------------------------------

._----_ .. -----_._-----------.- -------------
--------_. -------- ------- ----------_.-
------------------- _._.----_.----- ---------- _.- ----- ------------- ---------------_._--



PLANT -SUMMARY 

--------,-----_._--------

~ES- HAMPTON JUt 
~Y5TE~ ··SI"~Ul_,~TION ANO' ENERGY AtfAl.ySIS----------- -- -. _. . .. - -"- --------------

---- ---.----------- --- --_._----------

-_-_-=-=~U~~AR_Y_·-~_F_~XOU!j)MENT SIZES _____ ~-_-_--_-=_~_-_-_-===__=_--_-._---_---_--_-~_=~~~:===_=_-=_--_--_-==~_-~~-_--_-~~_=_.-_-_--_----________ =~-__ -~=_~-_ ------------ -.--
T-1nC-NUMSER-OJ:- CHIlLERS-.---ul------------------------

--- TYDE Of C+lIllER -- --.----srE~fM--A"BStfifptION---------
----t-Ifl. nF {;l1t"UERS -----;,;---------1---- --.----.--,-.-----------

--- -.-------------------------- ---------
. __ .' ------.-.. -----------. --_ ... _ ... ----------,----------_. __ ._-- - -----

--------SlZE OF C"'Il-lERS ---- --.-------i02.~ rONS------------- --------------.------------------------.-

----TiTAt· Ntn'8ER ~F BIHtERS .---- -T- ---_---------- ____________________ c ________ . __ . ____ -----'-----

----~----T'fPE OF 8'lIl£R - -----;,; -------STEAJII------------- -------------------- -----------------------------------------.------------------------ ------
'III). OF ~{JItERS -------.--- C------------·------------------------- --------.---------------------
SIZE Of B1JllfRS • ~ne.o "k8TU --------------------------------------..:.--.-----::...--'--:.---.------:....--------.-------

--------mTalHFATP1G {:APAtIty • 978~O KS1U ------ --- ._._- -.----.- "------- ---.--.--'-.~-------- _.- .-._.-.. -._.,---_. - .. --.•. ~---.----.. -.-----.------
7 TOTAl -CO{JLHIG CA_~A_~y!_Y _____ • ____ lOl.~_~_ Tm.tS~==~=__= ___ --------------------··--------·------------ --- ------- - __ -=---==--==_= 
I-' 
N ---n- U~ED" ._---- TERMIN A-l-· REHEAY--e-NEffGY· -S-AMEo·"SOt}RCE-- AS--80iI~rR-;-··----------·· - •.. - ._--- -_. -" 

----------.------------------
---- ---------_._-_._-- -------------'----

----TOTAl FAN PLANT HORSEPOlfERFOR BUILDING -_.'-._.-._-... _-- -6~·.-8 "SHP ------ -------.----- ---.... _.- _._---- .-.-~------------. -.. 
----------.- - .- --- - - ---.------- ._- ------- ------------------.- ---- ----------- -----------------------

-------------lOCATION ------ - - ---to-fil---Gf'M-----t-cfti.r-HHO O=ff-----rOl.-U---SHP -------------------.------------
------ ----CHILLED WATfR------------- 24-6;-------- ---- 40~O·--------------4~q----------._--______________ _ 

---tON1)t:"ISt:R "WATEif------------ 3Sq.-------------- 30 .. 0 5.3-----
--------- --- -HEATING IoiATER _.=-= ___ ~~_==~_ 9£. -~=:=___=_~______ 50.0 ----- -- ---:-=-~~=-=~_-2.lt_-=~_=~_--_-=~_-=-___ -__ _ 

----------------_._- -- -------- - --- -- ------------------



TEMPERATURE DISTRIBUTION 

--- .- ... ------- ---_. 
----- --,,----. * *- * ..•.. * * * * *-* * * * * * T r; M P E--R--A-f I.fR E IJ C--C--U-R-·;CN C e---S--AN--O-r---r'F--'--'--.-•••• -*-.-'--.-.-... 

.. --- - ... - - --- -_. --" --- _ .. - --~-"- - --- --_.- - ---.--- -~ - ... -."- --- ---------.---- ... ------. ----"--------_. --- ---- -- ---~. --;--_._---. ------'-.- ------

-SOACE-sPAce----B((nw- 50~-b"; ---6(j~O";'-- 65~O~--6-i3;0-.:.---io-.-b.:. ---72.0- --- 74;0:' - i6-.-6-=--i8.0-=---!lO~-O-':'--if5~-O::--qO; o:":Tocf;o-=-Uo;,- 12:). Q-

NO.=-_~=STATLIS 50.0 <60.0 <65.0 <68.0<70.0--<72.0 <74.0 -<76.0 -<78.0 .. <,60-;0--<65.0._ <00.0-<100.0-<110;0-<120.0 £ 'WC:~ 

--- -- i---')CCUP IED-
-------

U"'1CCUPI~D 
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